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Sixty-nine genotypes� including 60 from the variety Saratoga 
smooth bromegrass, three from South Dakota 7 smooth bromegrass, and 
two each of reed canarygrass, orchardgrass, and creeping meadow fox­
tail as check species were selected for regrowth from a source nur­
sery containing over 37,000 genotyp�s. In addition, four genotypes 
of Saratoga with poor regro�th capability were selected as checks. 
These 73 genotypes were placed in a greenhouse environment to evaluate 
digestibility (IVDMD), and other characteristics. After three har­
vests, 34 genotypes were vegetatively propagated in a field experi­
ment to determine regrowth capabilities. NCE rates were not correlated 
highly with yield in the green.house and were not used in making selec­
tions. The 34 selected genotypes included 32 from the Saratoga 
variety and one each of orchardgrass and reed canarygrass. Highly 
significant differences among genotypes were found for forage yield 
as well as for other plant characteris�ics in each separate environ-
ment. The relative importance of each component of yield was deter­
mined from the greenhouse data. In addition to these genotypes, 
three synthetics �epresenting different responses to day length as 
well as superior regrowth pctential were tested under field co�diticns 
for water use efficiency. Ea�h cf the three S)TTithetics significantly 
exceedc.d Saratoga in yield over three cuttings in 1973. Also, two of 
the thre� synthetics were significantly higher in water use efficiency 
than the Saratoga control, and the third was slightly below the value 
required for significance. A correlation of .94 between yield and water 
use efficiency was found in each of two experiments indicating that water 
use efficiency could be predicted from yield. Significant differences 
among in vitro dry matter digestibility of selected genotypes were 
obtained for each of two cuttings in 1972 and for the first two cuttings 
of 1973. Significant differences among IVDMD of selected genotypes were 
not obtained for the third or fourth cutting of 1973. IVDMD was not 
used in making selections. On the basis of yield, water use efficiency, 
and seed production, seven genotypes were selected for use in two syn-
t�etics. These synthetics will be te�ted, an-i i-F either is found to be 
outstanding, will be released as a new variety. 
Other studies have involved determining the effects of smooth 
brcmegrass pathogens on the in vitro dry matter digestibility of forage. 
Some reduction in in vitro dry matter digestibility was caused by 
Helmintn.osporium '!Jromi in both the field and greeTu.'louse. Bromegrass 
mosaic virus had no effect on digestibility of infected leaves. 
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INTRODUCTION 
Maximum utilization of land requires that perennial forage grasses 
produce during the whole of the growing season. Present varieties of 
cool-season grass originated in areas of the world where moisture is 
often inadequate during the summer. Since they have been naturally 
selected for summer dormancy, these grasses will not produce much forage 
during this time despite adequate moisture and fertility conditions. 
One exception is orchardgrass, Dactylis glomerata L. , a non-jointed 
cool-season species with quick recovery after defoliation. Orchardgrass 
grown alone or in mixtures with legumes has responded well to frequent 
harvesting throughout the growing season in the Northeast (28). Unfor­
tunately, orchardgrass is subject to winter injury in South Dakota and 
the upper 1id�vest, �nd is currer-tly r.�t reconrc.c�ded for this area. 
Smooth bromegrass, Bromus inermis L. , is a highly palatable and 
nutritious cool-season species grown extensively in the northern and 
Pacific Northwest regions of the United Staces (15). It is not subject 
to winter injury when managed properly, but summer dormancy of most vari­
eties limits total seasonal yield and water use efficiency. Also, the 
growing point of this jointed grass becomes exposed early in the spring 
and is raised higher as the stems elongate. Cutting or grazing at this 
time will prevent further growth of old tillers, and new growth must 
initiate from crown buds. Carbohydrate root �eserves are low at early­
jointing and will not adequately support regrowth; hcwcver, reserves are 
higher by early-heading, and harvesting at this time permits regrowch . 
(42) . 
The smooth b�omegrass variety, Saratoga, selected in N�y York state 
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and released in 1955, is superior to other varieties in aftermath pro­
duction and total seasonal yield (26) . In extensive testing throughout 
the Northeast, Saratoga was found to be superior to other experimental 
synthetics and to the standard variety, Lincoln, in aftermath yield and 
total season yield at most locations (27). This success indicates that 
further selection within the Saratoga variety for aftermath production 
could lead to the development of a superior new variety. Such a variety 
could, through its ability to recover rapidly after harvest, compete well 
with legumes and provide adequate pasture throughout the growing season. 
Thus, the objectives of uniform summer pasture production and increased 
water use efficiency could be attained. 
The objectives of this project were twofold. First, genotypes of 
smooth bromegrass with superior regrowth capabilities would be selected 
from a large population. The usefulness of such selection criteria as 
net carbon dioxide exchange, in vitro digestibility, and disease reaction 
would be determined. Also, through greenhouse study, the relative im­
portance of the components of yield in s mooth bromegrass could be ascer­
tained. Selected genotypes could then be combined in a synthetic vari­
ety. This variety would be tested with standard varieties to determine 
if the second objective of increased water use efficiency had been 
achi0ved . If found to be outstanding, a superior new variety would be 
released for general use. 
REVIEW OF LITERATURE 
Extens ive research has been conducted on the response of smooth 
bromegrass, Bromus inerwis L. , to different cutting regimes and how 
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these relate to regrowth. Appearance of new tillers ceases at the joint­
ing stage and renews after anthesis. When seed heads are destroyed by 
mowing or grazing at early-jointing, food reserves appear to be inadequate 
to support regrowth; however, by the early-heading stage food reserves 
are at least partially restored (42) . Eastin, Teel, and Langston (13) 
suggested that auxins may be involved in the s uppression of tiller bud 
development at early-jointing since a high growth regulator activity was 
present at this stage. A significant drop in growth regulator activity 
preceded anthesis and the period when tillering normally resumed. Paul­
son Hnd Smit.h (33) essociated reg_rowth with total nitroge!"l content in 
the storage organs, but percent total available carbohydrates, weight of 
storage organs, and number of tillers per plant at the time of spring 
harvest had little association with the amount of regrowth after seven 
weeks. 
With a frequent clipping regime (35) the rate of growth of roots of 
smooth bromegrass decreased gradually until finally growth ceased and 
tn.e roots started to die. Wagner (4.5) noted that bron:egrass plants cut 
twice in the greenhouse at short intervals prod�ced less top and root 
growth than plants clipped once at a later date. Clipping 60-day-old 
plants had little effect on number of roots although size of existing 
roots was decreased. Carter and Law (7) subjected seedlings of six per­
ennial grasses, including smooth bromegrass, to repeated clippings at 
15 and 30-day intervals in the greenbouse and indicated that no species 
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under examination could withstand the 15-day clipping treatment. Clip­
ping at 30-day intervals severely retarded top and root growth of all 
species tested. Smith, Jacques, and Balasko (39) found that bromegrass 
stands in the field were reduced more by three than four cuts annually 
and were significantly lower with both cutting schedules at a stubble 
height of 4 centimeter3 versus 10 centimeters. Crid�r (10) observed that 
removal of over half of the top growth of cool-season and warm-season 
grasses stopped root growth until the top growth recovered. The effect 
was more severe with increasing amounts of top growth removal. Clipping 
40% or less of the top growth had no effect on root growth. 
Although mixtures of bromegrass and alfalfa produce more forage than 
either grown alone (28) , this association decreases the number of shoots, 
rhizomes, and total dry weight of bromegrass produced (46). 
Some attempts have been made to use photosynthetic rates and effi­
ciency in selection and breeding of forage grasses and other crops. Asay 
and Nelson (2) observed significant differences in leaf net carbon diox­
ide exchange (NCE) among 25 parent lines of tall fescue, Festuca 
Arundinacea Schreb. , in the field. They concluded that an inconsistent 
relationship between net carbon dioxide exch�nge and forage yield indi­
cated that other factors such as distribution of assimilates and mor­
phological development of the plant must also be considered. Nelson, 
Asay, Horst, and Hilderbrand (29) indicated that the field system of 
measuring net carbon dioxide exchange was reliable, rapid, relatively 
simple, and used intact leaves. Use of the technique in a fescue breed­
ing program.was discussed. Nevins and Loomis (30) described another 
system far measuring photosynthetic carbon dioxide exchange. Attention 
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was given to providing sufficient air turbulence within the chamber and 
to controlling the variables of temperature and relative humidity with 
regard to their overall effect on carbon dioxide exchange in leaves. 
Measurement of net carbon dioxide exchange per unit area of leaf is fa­
cilitated by the method of Kemp (19) used to estimate leaf area of grasses 
from linear measurements. 
By selecting extremes, it was deemed possible to select genotypes 
of orchardgrass that maintained a high or low carbon dioxide exchange as 
clonal propagules (4) . However, there are many uncontrolled and undefined 
physiological factors influencing photosynthesis. When these have been 
defined accurately, plant breeders may be able to use photosynthetic 
rates as a selection criterion (5) . 
Distribution of a new variety of a forage crop such as smooth brome-· 
grass may well depend on its seed quantity, as well as quality. Wide 
variation in seed yields has been reported among plants and progeny of 
both southern and northern- strains of bromegrass (8, 23, 24, 31, 34). 
Much of this variation has been attributed to variations in filling of 
florets or fertility (24, 31, 34, 36). Lowe and Murphy (24) noted a 
correlation of .94 between fertility and seed production. Nielsen and 
Kalton (31) found relatively high heritability of combining ability for 
seed weight and fertility, but only moderate values for seed yield and 
panicle number in smooth bromegrass. Forage and seed yields were posi­
tively correlated but the predictive value of these characters was low. 
Knowles (20) produced synthetics with excellent seed yields on the basis 
of progeny tests despite low relationships between smooth bromegra3s 
progenies and parents for seed production. Grif fiths, (14) in a summary 
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of literature on seed production in grasses, concluded that seed y�elds 
could be readily increased through breeding and without sacrifice of 
forage production. Knowles, Cooke, and Buglass (21) obtained significant 
correlations of parent clones and polycross progenies for seed yield and 
quality suggesting initial improvement through mass selection. Also, 
forage production was not decreased by selection for seed productivity. 
Digestibility of forage is an important quality readily measurable 
by techniques recently developed. Tilley and Terry (43) developed a two­
stage technique for determining the in vitro digestion of forage crop 
samples . Results obtained with this method were highly correlated with 
in vivo digestion of the samples. The technique is especially useful in 
breeding programs to examine large numbers of genotypes with closely simi­
lar digestibilities (9). Ivins (17) noted that the possible variability 
in in vivo digestibility is much larger than that found under the con­
trolled conditions of the in vitro digestion where data are always related 
to standard samples. 
Sullivan (41) reviewed methods of forage evaluation by chemical 
analysis, not including the newer acid-detergent fiber and lignin schemes 
which were later reviewed by Van Soest (44). Oh and Baumgardt (32) sam­
pled 56 hays of 6 different species including bromegrass and determined 
that the correlation between in vivo digestible dry matter and labora­
tory analyses was higher with the two-stage in vitro technique than with 
any of the other methods tested. They concluded that the two-stage in 
vitro digestion technique of Tilley and Terry (4 3) was the l"lethod of 
choice if one technique was used to predict the digestibility of all ·for­
age species and mixtures of species. 
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Wurster, Kamstra, and Ross (48) noted some significant differences 
in in vitro digestibility among varieties of smooth bromegrass. They 
pointed out that for grazing purposes, selection for greater whole plant 
digestibility at or prior to heading could be followed if variability 
between clones was measurable at that time. Also, the possibility of 
forming synthetic varieties of superior digestibility from selected 
genotypes was discussed. 
Ross, Bullis, and Lin (37) found a high heritability estimate for 
in vitro digestion in smooth bromegrass. In vitro digestibility was 
negatively correlated with height, seed weight, and seed set for each of 
two years studied, but these values were judged low enough such that the 
production of a more digestible synthetic variety with desirable agronom­
ic characteristics was deemed feasible. 
Kamstra, Ross, and Ronning (18) found that selection for increased 
in vitro dry matter digestibility in spaced plant nurseries of smooth 
bromegrass did not give the expected gains in digestibility in derived 
synthetics under field conditions. However, a high positive correlation 
between in vitro and in vivo digestibility of the same material was ob­
served. 
Forage yield and quality are reduced by infection of various foliar 
diseases. Yield and in vitro digestibility of tall fescue, Festuca 
arundinacea Schreb. , were reduced by infection of a fungal pathogen ( 1).  
Similar results with bromegrass are at present not available, although re­
search indicates that control of leaf spot disease has resulted in in­
creased forage yield and in vitro digestibility of another crop (11). · 
Carlson (6) found a negative correlation of -.84 between in vitro 
digestibility of orchardgrass and susceptibility to rust (Puccinia 
graminis Pers. ) .  Resistance to the pathogen was increased markedly by 
two cycles of phenotypic selection. Both yield and dry matter diges­
tibility of orchardgrass were reduced under a severe build-up of rust 
in this study. 
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Recently, water use efficiency (WUE) measurements in various crops 
have been facilitated through use of the neutron scattering method of 
soil moisture determination. Bowman and King (3) pointed out that this 
technique provided accurate measurements of evapotranspiration easily 
made under undisturbed field conditions .. Luebs, Brown, and Laag (25) 
intimated that the neutron probe provided greater precision and rapidity 
than the gravimetric technique. 
Holmen, Carlson, Lorenz, and Jensen (16) determined that water use 
efficiency of bromegrass increased with nitrogen fertility rates under 
both a pasture and hay harvest system and under both irrigated and dry­
land conditions. Also, water use efficiency values for the hay harvest 
system were about 5 0  percent higher than for the pasture system since 
more frequent harvesting of the pasture plots greatly reduced the total 
amount of forage produced while the water requirements remained nearly 
the same. 
White and Brown (47) noted that frequent clipping of green needle­
grass, Stipa viridula Trin. , decreased the water use efficiency of this 
native cool-season grass. Also, water use efficiency of clipped plants 
was highest at the first sampling date, May 6, and then decreased during 
June and July, partly because of increased evapotranspiration following 
late June rains, and partly because of reduced rate of dry matter 
production. 
Smika , Haas, and Power (38) noted that water use efficiency, in 
pounds of forage produced per inch of water used, of native grass, 
increased as rate uf fertilizer nitrogen increased and was related 
curvLlinearly to available moisture under dryland conditions. Koch, 
Datzenko, and Hinze (22 ) ,  using the neutron probe, determined that 
water use efficiency, in kilograms per hectare per centimeter of water 
used, was dependent on forage yields rather than time of harvest of 
sainfoin grown in the Central Great Plains under dryland conditions. 
9 
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MATERIALS AND METHODS 
Foundation seed of the variety Saratoga and also seed of the un­
released synthetic South Dakota 7 were used to establish selection nur­
series at Redfield and Brookings, both under irrigation so moisture was 
not limiting. A 2. 43 hectare nursery was seeded at Redfield in late 
August, 1969, with individual seeds by check planting 100 centimeters 
each way. This was immediately irrigated and then overseeded with al­
falfa in the spring of 1970. Observations were made on the ability of 
the smooth bromegrass plants to compete with the alfalfa under intensive 
harvesting programs during the 1971, 1972, and 1973 growing seasons. 
Weeds were controlled in the spring of 1971 by application of 2, 4-DB at  
a rate of .3  liters per hectare. Outstanding p lants were marked before 
er1.ch of three harvests in ] 97 2 anc before e :. ·::h. c f  f�•.1r !-lar•le.s t s  in 1973 
using plastic markers. I� early spring before the first harvest of 
1973, plants which had produced superior regrowth throughout the pre­
vious season were marked with wooden stakes. 
Since the seed-established nursery at R2dfield was slow in becoming 
established, a second nursery was started by transplanting greenhouse­
started seedlings one meter apart each way into a 3. 24 hectare nursery 
of silty clay loam, series Vienna, Lismore, and Leota, on the University 
Hcrticulture Farm at Brookings in late August, 1970. The field was 
plowed in June, 1970, disked four times during June and July, and deep 
tilled with a wide-shovel cultivator in August. Immediately before 
transplanting the area was harrowed with a spike tooth harrow and marked 
for planting. The nursery consisted of 29, 039 plants of Saratoga smooth 
bromegrass, 5, 523 of South Dakota 7 smooth bromegrass, 977 of Garrison 
creep ing me adow foxtail , 705 of  common reed canarygrass , and 681 of  
Frode and Rideau orchardgrass .  The p lantings were made in b locks of 
2 , 5 00 plants o f  5 0  rows and 50 columns to ensure identif ication of any 
plant in the nursery . 
During the 1 9 7 1  growing season , the 37 , 025 spaced p lants at 
Br ookings were evaluated for regrowth af ter simulated grazing on 
June 18-21 , July 19 , aud Sep tember 3-7 , using a f lail-typ e  forage 
harve s ter .  Moi sture was kep t near op timum through sprinkler irriga­
t ion . On July 21-30 , 7 . 5  centimeters o f  water were applied . To tal 
prec ip itation for Brookings in 1971  was 4 9 . 66 centimeters . Var ious 
f ertilizers were applied to this nursery at the following rates in 
kilograms p er hec tare on the dates indicated : 224  of  2 9-14-0 on April 6 ,  
1371 , 168 of  34-0-0 en September 10 , 1971 , 112 of 3�- 0- 0  on Ap�il �6 , 
19 72 , 112 of 34-0-0 on September 20 ,  1972 , 168 of  34-0-0 on June 28 , 
19 7 3 , and 168  of 34-8-8 on August  16 , 197 3 .  Weeds were controlled by 
cultivation on June 11 and July 1 ,  1971 , as well as by spraying with 
. 3  liters of 2 , 4-D per hectare on May 20 ,  July 2 ,  July 13 , Augus t 3 ,  
and October 3 ,  1971 . Weed coutrol was las s  es sential in 1972 and 197 3  
since p lants  had filled in mo s t  bare areas within the nursery . In ad­
dit ion , the high rainfall (to tal precipitation 7 0 . 9 9 centimeters ) in 
1 9 7 2  prevented the use of equipment in this low area , so  neither weed 
cont rol nor harves ting at the op timum time wi th the flail harves ter 
were pos s ible . With a drier year in 19 7 3  (total precip itation 42 . 32 
centimeters ) , 7 . 5 centime ter s of wat�r were appl ied by sprinkler  irriga­
tion from June 29  to July 6 ,  and app roximately 600 genotypes were se­
lected £ or regrowth on July 2 6 , 27 , 1973 . Clona l p ie ces of each of 
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these genotypes were dug up and transplanted to the Redfield Experiment 
Station Farm on August 10, 1973, for further evaluation . 
Plants with the best regrowth before each harvest were identified 
in both 1971 and 1972 with greater emphasis placed on the selections made 
in 1971. In 1971 , 69 genotypes were chosen for consistency of regrowth 
throughout the growing season. Superior plants in each row were marked 
in the fieldbook prior to the regrowth harvests of July 19 and Septem­
ber 3-7. These subj ective evaluations were made on the basis of the 
plant height and width. Of the 69 selections, 60 were from the Saratoga 
variety arid three we.re from the South Da�ota 7 smooth brom egrass . Two 
genotypes each of reed canarygrass, creeping meadow foxtail and orchard­
grass were included in the 69 selections . In addition, four genotypes 
of Saratoga lacking high aftermath production were selected for use as 
checks. Clonal pieces of each of the 73  genotypes were planted in pots 
and brought inLo the greenhouse for evaluation during the winter of 
1971-72. 
In early December, the potted genotypes were evaluated for net 
carbon dioxide exchange (NCE) rate using a Beckman infrared analyzer, 
model 215A. An illumination of 21, 500 lux w�s maintained with a light 
bank containing fluorescent bulbs and 200 watt incandescent bulbs . A 
Weston light meter, model 756, was used to determine the illumination . 
A plexiglass leaf chamber 12 centimeters wide, 5 centimeters high, and 
34 centimeters long was provided with a constant flow of air from out­
side the greenhouse by a Dyna-Vac pump, model 4K. Tygon polymer tubing 
was used exclusively in this system, and air temperature was maintained 
at near 25° C. by submersion of four meters of tubing in a water bath 
hea ted by electric coils . All rates were recorded us ing six leaves of  
each genotype . Leaf areas were determined by multip lying the p roduct  of  
leaf length and width of the leaf  at its  midpo int by . 905 . This method 
was determined by Kemp (1 9 ) . NCE was determined in volume of carbon 
dloxide per unit area o f  leaf per hour . These rate s were then converted 
to milligrams of carbon d� oxide per square decimeter o f  leaf area per 
hour . 
On December 2 0 ,  21 , 197 1 ,  the potted plant s were cut to a height 
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of s ix centimeters and two ramets of three t illers each from each geno­
type  were randomized and planted in each o f  two replica tions in green­
house benches containing sand topped with 2 . 5 centime ters of  soil . The 
p lants  were fer t ilized every two weeks with a 10% solution of a saturated 
solut ion of 60-2 0-20  (60% total nitrogen � 20%  availab le ?205 , and 20% 
water-soluble K20 , containing superop timal amounts of micronutrients . 
So il T.ois ture was maintained at a high level by t imely applications of  
water with a garden hose . Rate o f  growth o f  or iginal t illers and new 
tillers was recorded by measur ing the t illers of each genotype individu­
ally twice a week until the f ir s t  cutting on February 11 , 197 2 . This 
p rovided total elongation of each p lant at 14 different dates , as well 
as number o f  t illers per geno type on these dates . Date of head ing , as 
well as other agronomic charac ter is tics were recorded for each genotype . 
The clipped forage was dried at 40° C .  for 38 hours and then we ighed to 
det ermine yield cal culated as kilograms per hectare . In vitro diges tion 
( IVDMD ) o f  each sample was determined us ing a modified Tilley and Terry 
(43)  technique . Visible primordia on the crown were also counted at 
this t ime for each genotype . 
2 9 5 1 0 7  
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After the first cutting profuse tillering of nearly all genotypes 
made it impossible to measure each tiller individually at intervals . 
During the next seven weeks, the tallest tiller of each genotype was 
measured once a week and total tillers per genotype were counted at 
that time also. On March 31, 1972, 49 days after the first harvest, 
the plants were again harvested, dried, and weighed. Again, as with 
all forage harvested in this study, in vitro digestion of the forage 
was determined using the modified Tilley and Terry (43) technique. 
Tillering after the second harvest was more profuse than prior to 
the first two harvests. Again, total tillers were counted once per 
week, and the tallest tiller of each plant was measured at that time. 
In April, NCE rates were again determined using the potted plants and 
the same apparatus previously described. Since conditions from the first 
NCE trial were simulated, the second trial was used as a replication of 
the first for statistical analysis. Other agronomic characteristics of 
the plants in the bench were observed as before, and on May 5, 1972, 35 
days after the second cutting, these plants were harvested for the third 
time, dried, and weighed. Each genotype was then ranked on the basis of 
yield data. The root systems of each plant were dug up after harvest, 
weighed, and placed in plastic bags in a cold room. During the week of 
May 8-13, the root systems of the first 34 high-yielding genotypes, in­
cluding 32 from the Saratoga variety and one each of common reed canary­
grass and Rideau orchardgrass, were broken up into pieces with six centi­
meters of intact stem and planted in banded soil flats. These were main­
tained in the greenhouse for the next month. 
On May 8, 1972, three isolated crossing blocks wer2 established for 
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early, late and day neutral groups on the basis of greenhouse heading 
data. The day neutral isolation consisted of genotypes lA-34-40, 
2A-16-21, 3E-12-19, and 3E-14-25; late genotypes were 2A-21-28, 2A-8-12, 
and 3B-23-13; early genotypes used were 4C-12-2 1, 4F-30-l, 4F-49-28, 
4C-18-21, 3E-8-23, 4B-l-2, and 3E-19-50. Prior to pollination on 
June 15-17, 19 72  paper bags were placed over each isolation to prevent 
contamination by foreign pollen. Bags were shaken frequently during the 
next three days and were removed on June 17. Seed was harvested from 
each of the three cros ses in late July . 
During the week of June 5-10, 1972 > the 34 genotypes planted in 
flats, as well as a check flat of seedlings of Saratoga and one of 
South Dakota 7, were transplanted to a plot in a Lamoure silty clay loam 
soil directly north of the Wildlife Unit north of South Dakota State 
University. Each genotype was planted - in two replications in a block .6 
meters by 3 meters containing two rows of ten plants each. The plots 
were separated by 45 centimeter spaces between genotypes. Alleyways of 
1. 2 meters were seeded to common alfalfa in 4 rows 30 centimeters apart 
on June 16. Common alfalfa was also use d  to seed the perimeter of the 
experiment on this date. Establishment o f  these genotypes provided a 
means of determining fiel d plot yiel ds of each superior genotype 
selected previously on the basis of nursery and greenhouse observations. 
Close to these blocks, two rows of 62 superior genotypes had been veg­
etatively propagated in the fall o f  19 72. These were the same genotypes 
originally selected from the Horticulture Farm nursery and included the 
32 adjacent ge�otypes in the regrowth experiment. These 62  genotypes 
consisted of 60 frcm the Saratoga variety and 2 of South Dakota 7 .  
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These plants, in one-meter spacing, were used to determine seed set, 
disease reaction, and other agronomic characteristics in 1972 and 1973. 
Also, these genotypes became naturally infected with various diseases in 
1972 including Helminthosporium bromi, Selenaphoma browigena, and 
Rhynchosporium secalis. Leaves of 31 of these infected genotypes har­
vested on July 6, 1972, were evaluated for percent disease and IVDMD 
was determined. By this method, effects of foliar diseases on IVDMD 
could be statistically determined. An attempt to use the SADE (Signal 
Analysis and Dissemination Equipment) of the Remote Sensing Institute at 
South Dakota State University was unsuccessful. This apparatus was un­
able to distinguish diseased from healthy tissue in slides of infected 
leaves, and visual estimations were made instead. In method 1, a single 
estimation of percent disease was made from each slide. With method 2, 
each leaf on a slide was rated - for percent disease and an overall percent 
was obtained for each slide by sunnning these percent values and dividing 
by the number of leaves evaluated . 
The plot containing the 34 superior genotypes was fertilized on 
June 2, August 7, and September 8, 19 72, with 112 kilograms per hectare 
of 34-0-0 applied each time with a Gandy applicator . Weeds were con­
trolled by application of Dacthal W-75 at a rate of 11 kilograms per 
hectare on June 8, 1972, as well as by frequent cultivations with a 
hand hoe throughout the growing season. These genotypes were harvested 
on August 4, 1972, and again on September 5, 19 72, leaving a stubble 
height of six centimeters. In this and other field experiments, cuttings 
were taken using an International mower with a 30 centimeter sickle bar. 
Forage was oven-dried at 40° C. for 72 hours, weighed, and converted to 
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a kilogram per hectare yield for each cutting. Five centimeters of 
water were applied in split applications by sprinkler irrigation during 
August of 1972. 
On April 6, 1973, steel pipes with an internal diameter of f ive 
centimeters and a length of 1. 5 meters were placed in the soil between 
every third genotype at a depth of  1.35 meters. Thus, 12 pipes per repli­
cation were used to determine the amount o f  moisture in the profile per 
genotype. The mean moisture content between each two adjacent pipes was 
determined and used as the moisture content in the profile beneath each 
of three adjacent pipes. Initial moisture determinations were made on 
April 17, 1973, using a Troxler battery-powered portable scaler and 
neutron probe, gauge model 1257SN220, at depths of 25, 50, 75, and 100 
centimeters for each of the 24 pipes. Similar determinations were made 
following harvests on �1ay 31, July 3, August 3, and September 15, 1973. 
The amount of water used per genotype per cutting was determined by ad­
dition of rainfall and irrigation totals to the average moisture content 
at the previous cutting and subtraction of the average moisture content 
at time of harvest from this total. Forage collected at each harvest 
was oven-dried, weighed, and digested by the modified Tilley and Terry 
(43) technique . From the yield and IVDMD, the total digestible dry 
matter (TDDd) of each genotype was determined for each cutting by multi­
plication for this and all other experiments. Other data such as height, 
vigor, leafiness, disease reaction, and coarseness were also collected 
prior to each harvest in each year . These subjective notes were taken on 
a scale of 1 to 5 .  With vigor, leafiness, and coarseness a rating of 1 
indicated the high extreme and a 5 the low extreme p \ ith disease reaction, 
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a 1 indicated least disease and a 5 most disease. Water use effic�ency 
(WUE) of each genotype was determined for each cut ting in 1973 in kilo­
grams per hectare per centimeter of water used . This was obtained by 
dividing the yield by the amount of water used. 
On August 31, 1972, seed harvested from the three crossing blocks 
was planted in a Fordville sandy loam soil on the Agricultural Engineer­
L.�g Farm of South Dakota State University . Seed from each of the three 
synthetics (day neutral, late, and early) was planted in comparison with 
Rise reed canarygrass, Nordstern orchardgrass, South Dakota 7 smooth 
bromegrass, Saratoga smooth bromegrass, and open-pollinated seed from 
genotypes lA-34-40 and 3E-8-23 harvested in July of 19 72 at the Wildlife 
Unit. The experiment consisted of four replications of each unit. Seed 
was planted in blocks 2 . 4  meters square each containing 8 rows with 30 
centimeters between rows. Alleys of 1. 5 meters between blocks were seeded 
with South Dakota 8 smooth bromegrass, as were the perimeters of the plot. 
The seeding rate used was 11 kilograms per hectare. A steel pipe was in­
serted in the middle of each of the 36 blocks at a depth of 1. 35 meters 
on April 6, 1973. Pipes used were identical to those placed in the soil 
at the Wildlife Unit. Since the seeding of South Dakota  7 produced a 
sparse stand, all four blocks of this variety were reseeded on April 12, 
1973, at a rate of 11 kilograms per hectare. Fertilizer was applied 
initially on April 11, 1973, using 34-0-0 at a rate of 224 kilograms per 
hectare. Soil moisture determinations were made with the neutron probe 
on June 5, July 1 2, and August 17 , 1973, immediately following harves�s 
on these dates. Since differences in stands among eA-perimental genotypes 
and varieties were observed, plots were thinned to the level of the 
lowest plot within each replication from May 17-22, 1973. For each of 
the three harvests in 1973, forage within a one-meter square in the cen­
ter of each block was cut with a hedge trimmer leaving a stubble height 
of six centimeters. Forage was oven-dried for 72 hours, weighed, and 
digested by a modified Tilley and Terry (4 3) technique. Moisture was 
provided in 1973 through application of 20. 4 6  centimeter s  of wa ter 
applied by sprinkler irrigation at timely intervals. On June 20, 1973, 
regrowth differences among genotypes and varieties were observed . On 
this date, 15 days after the first harvest of 1973, 25 measurement s of 
stubble height and height of regrowth from this stubble were recorded 
within each block. The effect of stubble height on regrowth height was 
determined by linear and nonlinear regres sion. 
On September 21, 22, 1972, diallel cros ses of eight superior geno­
types selected on the basis of regrowth , seed set, and other agronomic 
characteristics, as well as one genotype lacking regrowth capability, 
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were planted by means of vege tative propagation adjacent to the 34 se­
lected genotypes at the Wildlife Unit. Two pots of each of the nine geno­
types were also planted and evaluated for net carbon dioxide exchange 
(NCE) rate in the greenhouse during January of 1973. NCE readings 
were recorded at each of the following illuminations in lux : 10, 800, 
16, 100, 21 , 500, 2 6,900, 32, 300, and 4 3,000. These illuminations were 
achieved by supplementing sunlight with the light bank previously de­
scribed. The same infrared analyzer system was used. Genotype s used in 
the diallel crosses and NCE determinations were : lA- 34-40, 4A-ll-42, 
4B-2-30, 3C-4 6-41,  3E-12-19, 3E-14-25, 3E-19-50, 4F-30-l, and 158-1 
(poor regrowth) . Seed from crosse s  among these genotypes obtained from 
20 
the diallel was mixed thoroughly and used in seeding two experimental 
tests. On -August 23 , 1973, a dryland variety test was seeded in a plot 
near the other nurseries at the Wildlife Unit. Several standard smooth 
bromegrass varieties were included to determine performance of the ex­
perimental synthetic compared to these varieties. The test consisted 
of four replications of each variety seeded in four rows 30 centimeters 
apart with a length of 6. 3 meters. Alleyways and perimeters of the 
experiment were seeded with crested wheatgrass. A similar test was de­
signed for an irrigated location at the Agricultural Engineering Farm. 
Eight replications of Saratoga smooth br_omegrass, Lincoln smooth brome­
grass, and the experimental synthetic were seeded on August 24, 1973, in 
an experiment to determine regrowth potential, seed set, and other 
agronomic characteristics . 
On December 18, 1972, seven pots o·f each of the 32 selected brome­
grass genotypes and Saratoga smooth bromegrass were vegetatively propa­
gated from clonal pieces. From April 13-19, plants in five replications 
of each of these genotypes were inoculated with Helminthosporium bromi 
in distilled water solution. The solutions were prepared with a spore 
count of approximately 10, 000 spores per milliliter and the potted geno­
types were inoculated with a bottle connected to an air compressor. Two 
repli·cations of the genotypes were left uninoculated as checks. Leaves 
from diseased and healthy genotypes were harvested on May 14, 15, 1973. 
These leaves were photographed and the photographs were visually evalu­
ated to determine the percent diseased area of the leaves. Leaves were 
oven-dried, ground, and dige·sted using the modified Tilley and Terry (43) 
method. An analysis of variance was made to determine the effect of this 
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pathogen on IVDMD. 
In another greenhouse experiment, 15 pots were established from 
open-pollinated seed of genotype 4 F-30-l . Plants in five pots were in­
oculated with Bl wild strain bromegrass mosaic virus and five others 
were inoculated with B2 wild strain BMV using 400-mesh carborundum in an 
atomizer to injure the leaves and stems of the plants prior to inocula­
tion. Plant juice from diseased clones was then rubbed on each tiller 
with the thumb and forefinger. Virus strains were obtained from Dr. W. 
S. Gardner. In addition, plants in five pots were inoculated with dis­
tilled water as controls. After . the virus became systemic, leaves from 
each of the pots were harvested, dried, ground, and digested by the 
modified Tilley and Terry (4 3) method. An analysis of variance was made 
to determine the effect of the treatments on in vitro digestibility. 
On August 30, 19 73, portions of seven genotypes were dug up from 
spaced planting and diallel crosses adjacent to the Wildlife Unit. 
These genotypes were broken up into approximately 150 clonal pieces each 
and stored in a cold room. On September 6, 197 3, five of the genotypes 
were transplanted to an area north of the Wildlife Unit using a Latin 
square design. The Latin square design was used to ensure uniform pol­
lination among genotypes the following years. These genotypes were the 
same five previously used in the development of an experimental synthetic 
(lA-34-40, 3C-46-41, 3E-14-25, 4F-30-l, and 4B- 2-30) .  Five rows were 
planted in this Latin square with 30 centimeters between plants within 
rows and one meter between rows. About 7 . 2 meters were allowed for each 
genotype, and rows were 36 meters in length. A second planting was �ade 
in an isolated area near the Wildlife Unit on September 13, 19 73, using 
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genotypes 2A-21-28 and 3E-19-50 . Four rows were planted with clonal 
pieces, and the two genotypes were randomized within the planting to 
ensure uniformity of pollination. Spacings within and between rows were 
the same used in the previously mentioned Latin square. Genotypes in 
both of these isolations were selected on the basis of regrowth yield, 
water use efficiency, seed production, and other agronomic character­
istics. Seed harvested from each of these two synthetics will be planted 
in tests to determine the value of the new synthetics. Data used to make 
these selections were analyzed using the methods of Steel and Torrie (40) 
and Dunnett (12). Table 32 contains pertinent information on the major 
field experiments used in this study . 
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RESULTS 
Subjective measurements of field materials for regrowth 
Before the second harvest of the Horticulture Farm materials on 
July 19, 1971, genotypes· with superior regrowth were marked in the field­
book. Visual observations of width and height of plants were used, 
and of the 37, 025 genotypes in the nursery, 1, 396 were marked at this 
time. This was done again prior to the third harvest of 1971 on 
September 3-7. Both of these subjective evaluations were conducted by 
walking beside each individual row of th� nursery to determine genotypes 
with superior regrowth relative to the surrounding plants. Sixty-nine 
genotypes in this .nursery were marked on both of these evaluation times. ·  
These included 60 from the Saratoga variety, 3 of S D  7, and 2 each of 
reed canarygrass, orchardgrass, and creeping meadow foxtail. From these 
69 genotypes and four genotypes of Saratoga which lacked the regrowth 
ability, clonal pieces were dug in the fall and brought into the green­
house for further evaluation. The four non-regrowth Saratoga genotypes 
were chosen as checks. 
Greenhouse evaluations of 73 geµotypes 
Tables 1-5 show the results of greenhouse experiments with the 73 
genotypes selected from the source nursery in 1971. Analysis of vari­
ance results for these experiments are presented in Tables A-1 to A-3 
in the Appendix. 
The primary objective of this study was selection for regrowth al­
though the first cutting yield is generally the highest of the year and 
was considered also. A study of the components of yield was conducted 
through use of multiple regression and correlation analysis. 
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Table 1 contains mean data for each genotype from the first green­
house cutting of 1972. Using these data, the following equation was ob­
tained through multiple regression : 
Yield = 1193  + l. 5X1 + . 14Xz 
Where : x1 = total height in centimeters 
x2 = number of tillers at harvest 
This equation accounted for 57% of the variance. The standard partial 
regression coefficients were : b ' l  = . 06 and b'2 = . 02 indicating that 
total height was about three times more useful in estimating yield than 
number of tillers at harvest. This is supported by the correlations 
among characters in Table 3a which indicate that yield was more highly 
correlated with total height (. 74) than with number of tillers at har­
vest (. 41) • .  Significant differences among genotypes for all characters 
measured on this cutting were obtained and are shown in Table A-1. Dif­
ferences were significant at the 1% level for total height, number of 
tillers, and percent in vitro digestibility. Significant differences 
among genotypes at the 5% level were found for yield and total digestible 
dry matter. 
Data from the second and third greenhouse cuttings of 1972 were com­
bined in a single analysis of variance given in Table A-2 . Significant 
differences among genotypes were obtained for height, number of tillers, 
yield, percent in vitro dry matter digestibility,- total digestible dry 
matter, number of primordia, and root weight. These were significant at 
the 1% level for all characters except in vitro dry matter digestibility 
in which differences were s igni ficant at the 5% leve l .  Means of all 
characte rs meas�red for the se two cuttings app ear in Tab le 2 .  The 
following equation was obt ained by  mult ip le regres s ion : 
Yield = -1154 + . 95X1 + 1 . 45X2 + . 06X3 + 1 . 38X4 
Where : Xl 
= height of talles t  tiller i n  cent imeter s  
Xz 
= numb er of tillers a t  harvest  
X3 = roo t weight in grams af ter harves t number 3 
X4 = number of primordia after pr evious cutt ing 
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This equation accounted for 68% of  the variance . Standard partial re­
gre ss ion coef ficients were : b ' l = 3 . 55 ,  b ' 2 = 3 . 15 ,  b ' 3 = . 4 1 ,  and 
b ' 4  = 1 . 43 .  Thi s indica ted that height cf  talle s t  tiller and number o f  
t illers were approximate ly equal in value in e s t ima t ing yield while 
roo t  weight and number o f  primordia were les s imp or tant .  The correla­
t ion coe ff i cients between yield and height , number of t illers , root 
weight , and numb er of  primordia were . 37 ,  . 6 3 , . 7 3 ,  and . 11 ,  respect ive-
ly ,  as shown in Table 3b . 
Ne t carbon dioxide exchange rates of the 7 3  geno types are given 
in Tab le 4 and the analysis of variance is shown in Tab le A-3 .  These 
rates were recorded at  an i llumination o f  21 , 50 0  lux . Significant dif­
ferences among genotypes at the 1% level were ob tained for this charac­
ter .  Table  5 indicate s coefficients o f  correlation between these rates 
aad yie ld of each cut ting and mean y ield in the greenhouse . These show 
a low associat ion between net carbon dioxide exchange rate and yie ld , 
and these rates were not cons idered in further s election among the 7 3  
genotypes . 
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Table 1. Means o f  plant characters fo r 1s t greenhouse cut ting 
o f  s elected geno types and checks in 1972 . 
Kg/Ha cm . No . % Kg/Ha 
GenotYl�e Yield Total Ht . Tillers IVDMD TDDM 
lA-10-5 336 2 2 3  8 7 7 . 6 261 
lA-20-22 343 2 28 8 7 5 . 5  259 
lA-20-42 371  228 5 75 . 4  2 80 
lA-24-19 2 7 3  246 4 7 3 . 1  200 
lA- 30- 39 434 215 8 7 2 . 1  313 
lA-30-50  2 38 107 3 7 2 . 9  174 
lA-34-40 595 318 7 69 . 4 413 
2A-8-12 434 256 8 74 . 9  325 
ZA-9-16 364 157 4 7 0 . 6 257 
2A-9-- 22 476 157 4 70 . 6  3 36 
2A-16 �1  497 224 7 7 1 . 3 354 
2A-2 1 -- " 8  6 79 2 34 4 7 3. l  496 
2A- 2 2-- l - 504 2 85 7 7 2 . 7  366 
2A-2 5-34 2 38 126 4 75 . 4 179 
2A-- 3 2 -2 8  357  217 6 7 2 � 1  257 
2A-3 7-9 343 161 4 7 2 . 1  2 47 
2A- 3 7-· 36  329 142 4 74 . 5  245 
2A-LL3-4 2 7 3  139 4 70 . 3 192 
2B-· 2-19 364 152 4 74 . 3 2 70  
2:B -9 ·-45 455 2 72 8 69 . 8  318 
213 --12 -· 4 6 4 2 7  140 7 7 3 . 6  314 
2B-13- 31/I 315 197 7 7 2 . 1  22 7  
2C-8-12 308 138 4 7L� . 4 229  
3A- 35-17 406 2 2 7  7 7 4 . 4  302 
JA--42-29 357 2 26 7 7 4 . 5  266 
3B-2 3 ·  13 462 241 9 7 3 . 0 3 37 
3B- 30-14 245 210 8 7 3 . 0 1 79  
3B-L� 3-3 392 181 7 7 0 . 2  2 75 
3C-· 6-2 3  322  169 4 74 . 7  241  
3C-46-41 413 216 9 7 2 . 7  300  
3D-15-50/I 455 268 9 74 . 2  3 38 
3D-37-33f 469 168 4 7 3 . 3 344 
3D-41- 7f 385 152 4 75. 7  291 
3D-45-15& 357 129 4 7 3. 7  26 3  
3D-45-31& 616 198 3 68. 3 421  
3E-8- 2 3  546 221 8 75. 7 413  
3E-8- 32 315 162 4 75 . 4  2 38 
#Reed canarygrass 
I-South Dakota 7 
&Orchard gr ass 
Table  1 (continued) 
Kg /Ha CIIl • No . % Kg /Ha 
Geno tyee Yield To tal Ht . Tillers IVDMD TDDM 
3E-12-19 546 241 8 72 . 7  397 
3E-14-25 427 313 11 70 . 3  300 
3E-15-16 546 256 8 72 . 9 398 
3E-15-17* 14 8 1 71 . 5  10 
3E-17-39* 392 112 3 65 . 8  258 
3E-18- 27 455 180 5 72  . 8  3 31 
3E-18- 31* 350 147 4 7 3 . 4  257 
3E-19-50 45 5 212 6 71 . 6  326 
3E-20-46 385 166 5 7 1 . 2  274 
3E- 24-47 357  172  5 7 2 . 5 259 
3E-26-41 385 184 5 7 1 . 3  275 
3F-22-48 434 186 3 71 . 2  309 
3F-37-50 252 171 4 7 2 . 1 182 
4A-ll-42 413 204 4 71 . 0  293 
4A-15-3 399 186 6 73 . 8  294 
4A-17-30 406 2 78  9 72 . 9  296 
4A-40-23 392 183 5 72 . 9 286 
4A-42- 31 259 118 3 }0 . 9  184 
4B-l-2 616 245 5 70 . 9  4 37 
4:R-?.- 30 399 186 6 68 . 9  27 5 
4B-8-27 441 196 6 72 . 4  319 
4B-20-37  231 110 3 71 . 3  165 
4B-21- 32* 357 183 4 70 . 6  25 2 
4B-37-20 140 104 5 74 . 6  104 
4C-4-1 7  273 122 3 74 . 6  204 
4C-12-21 490 320 11 76 . 7  376 
4C-18-21 4 20 233 7 75 . 9  319 
4C-28-31 427 292 9 73 . 3  313 
4C-37-21 427 181 3 71 . 0  303 
4D- 12-2f 406 122 8 7 3 . 3 298 
l•F-11-10 518 244 9 69 . 2  358  
4F-30-1 L: 34 241 9 72 . 8  316 
4F-48-27 595 293 9 69 . 2  4 12 
4F-49-28 553 229 6 7 2 . 0 398 
4F-57-13@ 413 236 10 69 . 4  28 7 
4F-58-37@ 427 292 10 72 . 3 309 
Dunne t � ' s  . 05 236 2 61 10 8 . 8  167 
fSouth Dako ta 7 
@Creeping meadow foxtail 
*Saratoga check , poo r regrowth 
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Tab le 2 .  1 !eans o f  p lant character s  for 2nd and 3rd greenhouse 
cutt ings of  selec ted geno types and checks in 1972 .  
Kg/Ha cm . No . No . grams % Kg /Ha 
Geno type Yield Height Tiller s Prim . Roo t Wt. 1 IVDMD TDDM 
lA-10-5 1530 59 25 5 64 . 5  76 . 8  1175 
lA-20-22 1022 45 23 3 50 . 3  71 . 2 728 
lA-20-42 161 7 47  24 5 7 6 . 8  7 3 . 8  119 3 
lA-24-19 1078 34 18 5 42. 7 7 2 .  7 784 
lA-30-39 1197 49 20 3 42. 8 71 . 5  856 
lA-30-50 1197 51 15 8 55. 7 70 . 2  840 
lA- 34-40 1603 65 22 6 70 . 0  71.8 1151 
2A-8-12 2454 73  30 7 104 . 1  70 . 4  1728 
2A-9-16 1183 63 17 5 6 3 . 7 70 . 5  834 
2A-9-22 1 390 63 1 7  5 6 3 . 8 70 . 5  980 
2A-1 6-21 236 3  57 28 8 110 . 5  70 . 9  16 75 
2A-21-28 2545 7 9  2 3  4 78 . 2 7 1 . 6  1822 
2A-22-18 1120 4 7  22 3 58 . 0  74. 8 838 
2A-25-34 7 28 38 15 6 51 . 9  74 . 2  540 
2A-32- 28 1565 58 27 6 69 . 4  7 3 . 1  1144 
2A- 3 7-9  1246 57 16  6 46 . 8  69 . 3  864 
2A- 37-36 1050 55 14 4 4 7 . 4  74 . 4  781 
2A-4 3-4 1015 44 14 3 40. 9 73 . 0  741 
2B- 2-l9 18 7 3  G5  11  'l 56 . 6  72 . 4  1J56 _, 
2B-9-45 126 7  68 1 7  2 4 3. 0  69 . 1  875 
2B-12-46 1495 68 19 4 49. 7 70 . 6  1055 
2B-13-3l il  1229 42 22 1 1  65 . 2 70 . 7  869 
2C-8-12 1 351 60 14 7 58 . 8  72 . 1 9 74  
3A-35-1 7  1309 6 6 18 3 46 . 7  70 . 5  9 2 3  
3A-42-29 1911 62 26 8 81 . 4  72 . 0  1 376  
3B-23-13  1981 63  21 3 56 . 8  68. 9 1365 
3B-30-14 756 4 7  15 2 30 . 0  70. 8 .5 35 
3B·-4 3- 3  980 48 21 6 57 . 6  70 . 0  686 
3C-6-23 1 383 60 20 2 50. 5 71 . 7  9 9 2  
JC-46-41 1526 55 28 3 7 8 . 7 71 . 6  109 3  
3D-15-501/ 1 719  48 23  9 93 . 2  72 . 0  1238 
3D- 37-33f 1068 68 9 3 58. 2 69 . 0  7 37 
3D-41- 7f 1155 6 6  15 4 3 7 . 9  7 1 . 7 828 
3D-45-15& 1442 54 30 0 86 . 8  68 . 8 992 
3D-45- 31&  742 54 27  1 4 3 . 5  69 . 8  518 
3E-8-23 1806 56 24 5 101. 2 74 . 7  131+9 
#Reed canarygrass  
1 
-'-Taken after 3rd cutting only 
fSouth Dakota 7 
&Orchardgras s  
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Table 2 (continued) 
Kg/Ha cm. No . No . grams % Kg/Ha 
� Y i.eld Height Tillers Prim.  Roo t Wt .
1 IVDHD TDDM 
3E-8-32 966 52 15 7 52 . 2  7 3 . 9  714 
3E-12-19 2153 . 66 21 3 74 . 6  72 . 5 1561 
3E-14-25 1866 51 24 5 78 . 2  72 .  6 1355 
3E-15-16 1435 55 20 3 58 . 8  71 . 5  1026 
3E-15-1 7 *  14 15 1 0 1 . 0  74 . 2  10 
3E-17-39* 599 79 4 1 15. 1  67 . 5  404 
3E-18-27 1341 63 25 4 71 . 4  7 3 . 3 98 3 
3E-18-31* 917 52 17 3 45 . 8  71 . 1  652 
3E-19-50 168 7 48 27 5 7 7 . 5  72 . 4 1221 
3E-20-46 1320 50 20  4 65 . 7  69 . 1  912 
3E-24-47 1523 63 28 6 64 . 9  69 . 9  1065 
3E-26-41 921 61 11 3 32 . 3 7 4 . 8 689 
3F-22-48 1327 64 15 7 43 . 2 69 . 4  921 
3F-37-50 1026 65 11 5 43 . 8  70 . 3  721 
4A-ll-42 1439 69 15 _6 45 . 7  71 . 2  1025 
4A-15-3 2146 54 28 4 94 . 2  7 3 .  2 1571 
4A-17-30 942 46 22 6 7 2 . 5  7 2 . 3 681 
4A-40-23 1460 54 19 4 49 . 8  74 . 6  1089 
4A-42-31 949 46 13 5 47 . 8  7 3 . 8  700 
4B-l-2 2034 71 17  5 85 . 9  71 . 1  1446 
4B-2- 30 1827 60 25 5 101 . 2 7L 2 1301 
4B-8-2 7 1358 59  17 � 51. 3 7 2 . 2 980 .J 
4B-20-37  7 81 57 16 · 2  41 . 0  7 3 . 2  5 7 2  
4B-21-32* 1246 74 13 3 36 . 6  68 . 3  851 
4B-37-20 539 40 13 5 33 .5  7 3 . 3  395 
4C-4-17 1085 55 14 6 61 . 4  71 . 6  7 7 7  
4C-12-21 2405 65 40 4 126. 8 69 . 0  1659 
4C-18-21 2016 70 25 7 113 . 8  71 . 9  1450 
!�C-28-31 1645 55 2·2 4 87 . 4  7 2 . 9  1199 
L�C-37-21 1442 65 17 4 52 . 4  71 . 7  1034 
4D-12- 2f 1082 52 25 5 84 .1  7 4 . 2  803 
4F-ll-10 1547 61 21 5 71 . 6  7 2 . 3 1118 
4F-30-l 1617 51 22 6 46 . 7  7 2 . 9 1179 
4F-48-27 1348 55 22 5 69 . 3  7 3 . 6 992 
4F-49-28 1 7 71 50 29 2 93 . l  7 3 . 5  1302 
4F-57-13@ 1 295 38 32 2 83 . 8  74 . 5  965 
4F..:. 5 8-37@  1320 l:, 3 33 8 113 . 7  71 . 9  949 
Dunne t t ' s  8 74 45 38 7 81 . 6  7 . 8  583 
. OS 
fSouth Dako ta 7 1Taken af ter 3rd cutting only 
@Creep ing meadow foxtail 
*Saratoga check , poo r regrowth 
Table  3a . Correlat ion coef ficien ts o f  plant  cha racteri stics from firs t 
greenho use cut ting in 1 9 72 o f  b romegras s geno types selected 
for regrowth . 
Yield IVDMD No . Tiller s TDDM 
Height/I . 74** . 2 7 . 7 7**  . 75 ** 
Yield . 2 3 . 41**  • 991;* 
IVDMD . 2 5 . 27 
No . Tillers . 43** 
**Indicates s ignif icance at 1% level 
1/To t al height of all tillers 
Tab le 3b . Cor relation coeff icients of plant character istics from 
s econd and third greenhouse cuttings o f  selected 
geno types . 
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No . Ti.llers 
TDDM 
Root  Wt . 
. 37 - . 21 
- . 11 
**Indicates s ignif ic��ce a t  1% level 
- . 03 
. 63** 
- . 12 
• 35 . 08 . 10  
. 9 9** . 7 3** . 11 
- . 01 - . 05 . 01 
. 63** . 74** . 04 
. 7 2** . 12 
. 05 
Tab l e 4 .  Me an ne t carbon d i ox ide  e x chan g e  o f  7 3  s e l e cted  
g eno typ e s  in  mg CO 2dm - 2 hr - 1  re cor ded  a t  2 1 , 5 0 0 lux . 
G eno typ e 
lA- 1 0 - 5 
lA- 2 0 - 2 2  
lA- 2 0 - 4 2 
lA - 2 4 - 1 9 
lA- 3 0 - 3 9 
lA- 3 0 - 5 0 
lA- 3 4 - 4 0  
2A - 8 - 1 2 
2A - 9 - 1 6 
2A - 9 - 2 2 
2A - 1 6 - 2 1  
2A - 2 1 - 2 8 
2A - 2 2 - 1 8 
ZA- 2 5 - 3 4 
ZA - 3 2 - 2 8  
2A- 3 7 - 9 
ZA- 3 7 - 3 6  
2A- 4 3 - 4 
2 B - 2 - 1 9 
Z B - 9 - 4 5 
Z B - 1 2 - 4 6 
2 B - 1 3 - 3 1 #  
2 C - 8 - 1 2  
3A- 3 5 - 1 7  
3A - 4 2 - 2 9  
3B - 2 3 - 1 3  
3 B - 3 0 - 1 4 
3B - 4 3 - 3 
3 C - 6 - 2 3  
3 C - 4 6 - 4 1 
3D - 1 5 - 5 0 #  
3D - 3 7 - 3 3f 
3D - 4 1 - 7 / 
3D - 4 5 - · • l 5 & 
3D - 4 5 - 3 1 &  
3E - 8 - 2 3  
Rate  
2 9 . 9 
2 4 . 9  
2 3 . 2 
3 3 . 4 
2 1 . 0 
2 6 . 8  
3 0 . 1  
2 9 . 0  
2 6 . 8  
2 1 . 9 
1 7 . 0  
3 2 . 9  
3 2 . 7  
2 7 . 4 
2 5 . 3 
2 1 . 2 
2 3 . 6 
2 7 . 6  
2 3 . 6 
2 8 . 8  
3 2 . 4  
3 0 . 0 
1 5 .  7 
2 0 . 0 
1 8 . 1 
2 4 . 4 
2 6 . 1 
2 8 . 6 
1 8 . 6 
1 3 . 1 
1 5  .. 5 
2 7 . 2 
1 3 . 4 
2 0 . 8 
2 9 . 7 
2 4 . 5 
G eno typ e  
3E - 8 - 3 2  
3E - 1 2 - 1 9 
3 E - 1 4 - 2 5  
3E - 1 5 - 1 6 
3E - 1 5 - 1 7 *  
3E - 1 7 - 3 9 *  
3E - 1 s ..: z 7  
3E - 1 8 - 3 1 *  
3E - 1 9 - S 0 
3E - 2 0 - 4 6 
3E - 2 4 - 4 7 
3E - 2 6 - 4 1 
3F - 2 2 - 4 8 
3 F - 3 7 - 5 0  
4A - l l - 4 2 
4A - 1 5 - 3  
4A- 1 7 - 3 0 
4A- 4 0 - 2 3  
4A- 4 2 - 3 1 
4 B - 1 - 2  
4 B - 2 - 3 0 
4 B - 8 - 2 7  
· 4B - 2 0 - 3 7 
4 B - 2 1 - 3 2 * 
4 B - 3 7 - 2 0  
4 C - 4 - 1 7 
4 C - 1 2 - 2 1 
4 C - 1 8 - 2 1 
4 C - 2 8 - 3 1 
4 C - 3 7 - 2 1 
4 D - 1 2 - 2 / 
4F - 1 1 - 1 0 
4 F - 3 0 - l  
4 F - 4 8 - 2 7 
4 F - 4 9 - 2 8  
4F - 5 7 - 1 3 @  
4 F - 5 8 - 3 7 @  
Dunne t t ' s  . 0 5 = 2 2 . 2 Rang e :  1 3 . 1 - 4 4 . 6  
#Re ed c an aryg r as s / South  Dako t a  7 
@ Cr e ep ing me adow foxt a i l  * Sarat o g a  check , 
Rat e 
2 5 . 1  
2 2 . 9  
2 4 . 5  
3 1 . 7  
2 5 . 1  
1 5 . 2 
2 0 . 3 
1 5 . 0 
2 7 . 6  
3 0 . 5  
3 3 . 4 
3 2 . 7 
3 0 . 2 
2 0 . 6  
2 3 . 8 
3 5 . 8  
2 2 . 2 
2 4 . 1  
2 6 . 2 
2 1 . 6  
3 0 . 3  
3 1 . 7  
1 6 . 5 
1 8 . 2  
2 4 . 7 
2 0 . 9  
2 1 . 5  
1 9 . 7 
1 8 . 7  
2 5 . 3 
3 8 . 9  
3 5 . 6  
3 4 . 6  
3 6 . 7  
4 4 . 6  
1 9 . 3  
3 0 . 3 
Me an 2 5 . 5 
&Orchardgras s 
poo r reg rowth 
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Table 5 .  Cor relation coefficients of net carbon dioxide exchange 
and yield of three greenhouse cuttings and mean of cut­
tings of selected genotypes in 19 72. 
Greenhouse 1 Greenhouse 2 
NCE . 25* . 09 
*indicates significance at 5% level 
#mean yield of three greenhouse cuttings 
Greenhouse 3 
. 03 . 09 
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Field evaluation of preliminary synthetics 
Using yield data and flowering in response to day length in the 
greenhouse, 14 genotypes were selected as parents of three smooth brome­
grass synthetic varieties. These included an early synthetic, a late 
synthetic, and a day neutral synthetic. Genotypes comprising the day 
neutral synthetic were insensitive to day length in flowering under 
greenhouse conditions while genotypes in the other two groups flowered 
early and late in the spring, respectively . 
Tables 6-8 contain the means of plant characters obtained in three 
separate cuttings of experimental synthetics and checks in 1973. The 
overall means for the three cuttings are presented in Table 9. Ranges 
and means of characters for each of the three cuttings appear in Table 
10. This �"P erimcnt i;as designed to measu�e water use 2ff��ieacy of tha 
experimental synthetics and to determine progress in the selection pro­
gram . Genotypes differed significantly in the amount of water used on 
the third cutting only. Amount of water used includes evaporation and 
transpiration losses from the soil profile. Significant differences 
among genotypes were obtained at the 1% level for yield, water use ef­
ficiency, and total digestible dry matter for each of the three cuttings, 
as well as in the combined analysis of variance of the three cuttings. 
These analyses of variance appear in Tables A-4 and A-5. 
Tables 6-8 indicate that orchardgrass produced more uniform forage 
yields over the three cutting regime than did the smooth bromegrass syn­
thetics. The three cuttings mean yield data of Table 9 indicate that 
orchardgrass did not significantly exceed any of the three synthetics in 
total yield in 1973 . Genotypes lA-34-40, 3E-8-23, as well as the . 
orchardgras s  and the three synthetics, were all s ignificantly higher 
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than the Saratoga control in mean yield in 1973 . The early and day 
neutral synthetics were both s ignificantly higher in water use efficiency 
than the Saratoga control, using the three cutting means. Table A-4 
shows s ignificant differences among genotypes for height, yield, water 
use efficiency, vigor, coarsenes s ,  disease reaction, in vitro digesti­
bility, and total digestible dry matter at the 1% level for 1973. Sig­
nificant differences among cuttings in 1973 were shown for height, yield, 
water used, water use efficiency, vigor, leafines s, and disease, at the 
1% level. The replication by genotype interaction was significant at 
the 1% level for in vitro dry matter digestibility and total digestible 
dry matter. The replication by cutting interaction was significant at 
the 5% level for height, water used, and in vitro dry matter digestibility; 
it was significant at the 1% level for yield and total digestible dry 
matter . The genotype by cutting interaction was s ignificant at the 1% 
level for height, yield, water use efficiency, vigor, leafiness, and 
disease; it was s ignificant at the 5% level for coarseness.  
In this experiment, 25 measurements of  stubble height and regrowth 
from the stubble were made 15 .days after the first cutting in 1973. The 
following relationships were determined through use of linear and non­
linear regress ion where Y is the height of regrowth in centimeters and X 
is the height of stubble remaining after the previous harvest : 
lA-34-40 Y = 12. 91 + l. llX 
JE-8- 23 Y = 25 . 87 - 7. 80X + 1. 9sx2 - . 16x3 + . 004x4 
Day neutral synthetic Y = 12. 76 + I. SOX 




Day Neut ral Synthetic 
Ear ly  Synthetic 
Late Synthetic 
Saratoga 
South Dakota 7 
Orchardgcass 
-�eed Canarigrass 




7 4  
7 3  







Kg/Ha cm . 
Yield Water Used 
5878  1 7 . 44 
6185 1 7 . 7 6  
5515 15 . 7 3 
5 768  1 6 . 12 
5863 16 . 33  
4555 18 . 92  
2530 16 . 61 
3818 16 . 44 
2920 17 . 1 3 
1025 6 . 28 
Kg/Ha/cm 
WUF Vigor Leaf . Coarse . Dis . 
340 1 . 3  1 . 5  3 . 5  1 . 5  
349 1 . 5  2 . 8  3 . 3  1 . 5  
368 1 . 0  2 . 3  3 . 5  1 . 0  
)75 1 . 5  2 . 5  3 . 5  2 . 0  
354 1 . 3  2 . 3 3 . 8  1 . 5  
254 2 . 3  2 . 3  3 . 3  1 . 8  
154 3 . 0  2 . 5  3 . 8  1 . 5  
237  2 . 0  1 . 5  3 . 3  1 . 0  
1 78  2 . 5  3 . 3 2 . 8  1 . 0  
145 1 . 1  1 . 0  1 . 0  1 . 2  
% 
IVDMD 
62 . 6  
62 . 4  
6 3 . 5  
6 3 . 5 
6 3 . 5 
6 5 . 9  
6 6 . 8  
65 . 6  
6 7 . 1  















Table 7 .  Means of plant characters for second field �ut t ing of synthetics  and checks in 19 7 3 .  
cm. Kg/Ha cm. Kg/Ha/cm 
GenotYI�e Height Yield Water Used WUE Vigor Leaf . Coarse Dis . 
lA- 34-40 6 7  � 7 63  15 . 86 174 2 . 0  2 . 3  3 . 5  1 . 5  
3E-8-23 69 3330 1 7 . 30 197  1 . 8  2 . 8  3 . 3 1 . 5  
Day Neu tral Synthetic 68  2923  18 . 7 7  156 1. 8 2 . 3  3 . 5  1 . 0  
Early Synthetic 60 2810 1 7 . 75  163 2 . 8  2 . 5  3 . 5  2 . 0  
Late Syn thetic 68  2880 18 . 02 162 2 . 0 2 . 3  3 . 8  1 . 5  
Saratoga 63 2800 18 . 58 151 2 . 5  2 . 3  3 . 3  1 . 8  
Sou th Dakota 7 66  3775  17 . 95 213 2 . 0  2 . 5  3 . 8  1 . 5  
Orchardgrass 86 4 288 18 . 22 238 1 . 0  1 . 5  3 . 3  1 . 0  
�eed Canarigrass 5 7  3363 18 . 11 186 2 . 3  3 . 0  2 . 8  1 . 0  
Dunne t t ' s  . 05 1 3  696 4 . 14 59  1 . 6  1 . 3  1 . 0  0 . 9 
% 
IVDMD 
6 2 . 6  
6 3 . 9  
6 3 . 2  
64 . 3  
64 . 8  
64 . 7  
64 . 7  
5 9 . 1  
58 . 7  
4 . 7  
Kg /Ha 
TDDM 












Table 8 .  Means o f  plant  characters for third field cutt ing of synthetics and checks in 1 9 7 3 ,  
cm . Kg/Ha cm. Kg/Ha/cm 
Gcnot}'_Ee Height Yield Water Used WUE Vigor Leaf . Coarse . Dis . 
lA-34-40 5 7  825 11 . 28 83  2 . 0  2 . 3  3 . 0  1 . 0  
3E-8-23 52 655 11 . 72 56  2 . 0  2 . 3  3 . 3 1 . 0  
Day Neutral Synthetic  58 1175 10 . 44 115 1 . 8  1 . 8  3 . 5  1 . 0  
Early Synthetic  56  1430 11 . 59 104 1 . 5  1 . 8  3 . 5  1 . 3  
La te Synthetic 56 1015 11 . 25 102 2 . 3  2 . 0  3 . 3  1 . 3  
Saratoga 50 615 8 . 75 72 3 . 0  2 . 3  3 . 5  1 . 3  
South Dako ta 7 40 373 9 . 75 38 4 . 0  1 . 8  4 . 0  1 . 5  
Orchardgrass 54 2080 1 3 . 4 7  15 7  1 . 5  2 . 5  3 . 0  1 . 0  
Reed Canar rass 40 1 335 13 . 66 98 2 . 8  2 . 8  3 . 3  1 . 0  
Dunne t t ' s  . 05 13  726 3 . 95 76  1 . 2  1 . 4  1 . 2  0 . 7 
i. 
IVDMD 
71 . 2  
74 . 5  
70 . 6 
71 . 7  
73 . 3  
71 . 5  
7 3 . 7 
6 7 . 8  
68 . 1  















Table 9 .  Means o f  plant characters for three field cuttings o f  synthetics and checks i n  197 3 ,  
cm . Kg /Ha cm .' Kg/Ha/cm 
Geno type Height Yield Water Used WUE V�or Leaf . Coarse . Dis . 
lA- 34-40 67 3155 14 . 86 199 1 . 8  2 . 0  3 , 3 1 . 3  
3E··8-23 65 3390 15 . 59 201 1 . 8  2 . 6  3 . 3 1 . 3  
Day Neu tral Synthetic 66 3204 14 . 98 213  1 . 5  2 . 1  3 . 5  1 . 0  
Early Synthetic 6 3  3 336 15 . 15 214 1.  9 2 . 3  3 . 5 1 . 8  
Late Syn thetic 66 3253 15 . 3 7 2 06 1 . 8  2 . 2  3 . 6  1 . 4  
Saratoga 61 265 7 15 . 42 159 2 . 6  2 . 3  3 . 3 1 . 6  
South Dakota 7 56  2 226 14. 77 135 3 . 0  2 . 3  3 . 8  1 . 5  
Orchardgrass 66 3395 16 . 04 211 1 . 5  1 . 8  3 . 2 1 . 0 
Reed Canarygrass 51 2539 16 . 30 154 2 . 5  3 . 0  2 . J  1 . 0  
Dunnet t ' s  . 05 6 438 2 . 9 3 5 3  0 . 8  0 . 7  0 . 6  0 . 5  
% 
IVDMD 
65 . 4  
66 . 9  
65 . 8  
66 . 5  
6 7 . 2  
6 7 . 4  
6 8 . 4  
64 . 2  
64 . 6  
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Table 10 . Ranges and means of plant characters  for three field cut tings o f  synthetics and checks in 197 3 .  
Cut 1 Cut 2 Cut 3 
Character Range Mean Range Mean Range Mean 
Height , cm . 56-76  68** 57-86 6 7** 40-58 51'/dc 
Yield , Kg/Ha 2530-6185 4781** 2763-4288 3214** 37 3-2080 1056** 
Water used , cm . 15 . 7,3-18 . 92 1 7  . 00 15 . 86-18 . 7 7  17 . 84 8 . 75-1 3 . 6 6  11 . 32*  
WUE , Kg/Ha/cm 154-375 29QH 151-238 182** 38-157  92 �\-* 
Vigor 1. 0-3 . 0 1 . 8** 1 .  0-2 . 8 2 . 0  1 . 5-4 . 0  2 . 3** 
Leafiness 1 . 5-3 . 3  1 . 8** 1. 5-3 .  0 2 . 4  1 .  8-2 . 8 2 . 1  
Coarseness 2 . 8-3 . 8  3 . 4  2 . 8- 3 . 8  3 . 4  3 . 0-4 . 0  3 . 3  
Disease 1 .  0-2 . 0 1 . 4  1 . 0-2 . 0  1 . 4* 1 . 0-1 . 5  1 . 1  
IVDMD % 62 . 4-6 7 . 1 64 . 5** 58 .  7-64 . 8  62 . 9** 6 7 . 8-74 . 5  71 . 4**  
TDDM�/Ha 1687-3844 3058** 17 30-2445 2016** 2 7 5-1412 743** 
*Indicates s ignificance a t  5%  level 
**Indicates significance at  1% level 
w 
\.0 
Tab l e  1 1 . Corre l at ion  co eff i c ient s among p l ant char act er s  fo r thr e e  cut t ing s o f  
synthet ics  and checks i n  1 9 7 3 . 
Y i e ld IVDMD TDDM Vigo-r Leaf . Coar s e .  D i s . Wat er u s ed WUE 
He i ght . 7 6 * *  - . 6 1 * *  . 7 5 * *  . 6 7 * *  . 1 0 - . 1 2 . 3 6 * *  . 4 7 * *  . 7 0 -;.; * 
Yi e l d  - . 7 1 * *  . 9 9 * *  . 4 9 * '* . 1 0 - . 0 9 . 5 5 * *  . 5 7 * *  . 9 4 * *  
IVDMD - . 6 7 * *  - . 3 3 * * . 0 7 - . 0 4 - . 2 6 * * - . 6 5 * *  - . 6 0 * * 
TDDM . 4 9 ,k * . 1 1  - . 0 9 . 5 5 * *  . 5 6 * *  . 9 4 * *  
Vigor  • 0 5 - . 0 1 . 1 1 . 1 5  . 5 3 * * 
L eaf . - . 4 9 * *  . 0 1 - . 0 1 . 0 9 
Coars e .  , - . 0 5 - . 0 2 - . 0 5 
D i s eas e . 2 4 * . 5 2 * * 
Water  u s ed . 2 9 * *  
* I nd i cate s  s ig n i f i c anc e  at  5 % l ev e l  
* * I nd i c at e s  s i gnifi cance  a t  1 % l evel  
.i::--
0 
Early syn thetic Y = 12 . 20 + l . 24X 
Late synthetic Y = 9 . 6 0 + 3 . 39X - . 19X2 
Saratoga Y = 11 . 82 + l . 4 7X 
South Dakota 7 Y = -15 . 22 + 21 . 5 0X - 3 . 9 9X2 + . 24X3 
Orchardgras s Y = 22 . 15 + l . 38X 
Reed canarygras s Y = 13 . 16 + 2 . 54X - . 11X2 
Linear relat ionships were ob tained between height of s tubb le and re­
growth for lA-34-40 , day neutral synthetic , e arly synthetic , Saratoga ,  
and orchardgrass .  
41  
Correlation coefficients between characters measured for the three 
cuttings in 19 7 3  are shown in Table 11 . Yield was highly positively cor­
related with heigh t  ( . 76 ) , total diges tible dry mat ter ( . 9 9 ) , vigor 
( . 49 ) , disease ( . 55 ) , and water use efficiency ( . 94 ) . Yield was highly 
ne gatively correlated wi th in vitro dry mat t er diges t ib ility (- . 71) . 
In addit ion , in vitro dry matter diges tib ility was also negatively cor­
related with to tal diges tib le dry mat ter (- . 67 ) , vigor ( - . 33 ) ,  disease 
(- . 26 ) , water used (- . 65 ) , and water use ef ficiency (- . 60) . Total 
diges tib le dry matter was positively correlated with vigor ( . 49 ) , disease 
( . 55 ) , water used ( . 56 ) , and water use efficiency ( . 94 ) . Vigor was 
p ositively correlated with water use efficiency ( . 5 3 ) ,  and leafines s was 
negative ly correlated with coarseness (- . 49 ) . 
Further evaluation of  selected geno type s  
The 34 geno types selected for field study were chosen on the basis 
of yield dara from the greenhouse .  Primari ly the two regrowth cut tings 
were considered in making these s elections . These 34 geno types con tained 
32 from the Saratoga variety and one each of reed canarygrass and 
orchardgrass. The 14 genotypes used in the three experimental syn­
thetics were also chosen using these data. 
Means of plant characters obtained in two field harvests of the 
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34 genotypes · and two check varieties are shown in Tables 12 and 13 . The 
analysis of variance of each of the two cuttings is shown in Table A-6. 
Subjective notes taken on certain characteristics for all experiments 
in this study were rated according to the following scale: vigor, 1 
most vigorous - 5 least vigorous; leafiness, 1 most leafy - 5 least 
leafy ; coarseness, 1 most coarse - 5 least coarse; and disease, 1 few 
symptoms - 5 many symptoms . Since a rating of 1 indicated the high 
extreme for some characters and a low for others, signs of correlation 
coefficients between any two characters measured by diverging scales 
were changed to present a true degree of association between characters. 
The analyses of variance in Table A-6 indicate that significant 
differences among genotypes were obtained for the first cutting of 1972 
at the 1% level for height, in vitro digestibility, and disease reaction. 
Significant differences at the 5 %  level were shown for yield, leafiness, 
and total digestible dry matter . In the second cutting, genotypes did 
not differ significantly in yield, leafiness, or total digestible dry 
matter . Significant differences among genotypes at the 1%  level were 
found for vigor, coarseness, in vitro digestibility, and disease reaction. 
Significant differences for height were shown at the 5 %  level. 
Table 14 indicates mature plant characteristics of 62 of the origi­
nal smooth bromegrass genotypes selected from the Horticulture Farm 
nursery and grown as spaced plants adjacent to the Wildlife Unit. Data 
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from this spaced planting were used in further selection of genotypes. 
Tables 15 and 16 contain data obtained in an experiment to deter­
mine the effects of foliar disease on in vitro dry matter digestibility 
of smooth brornegrass leaves. This study was conducted using the spaced 
planting also used to obtain data for Table 14. The percent diseased 
area was obtained by two methods which were highly positively correlated 
(. 92) as shown in Table 16. Leaf number as an indication of age was 
highly positively correlated with disease percent obtained by method 1 
(. 60) and method 2 (. 55) , and highly negatively correlated with in vitro 
digestibility (-. 41) . Disease percent by method 1 was highly negatively 
correlated with IVDMD (-.62) as was disease percent obtained by method 2 
(-.68) . The following equation, which accounted for 47% of the variance, 
was obtained by multiple regression : 
IVDMD % = 59 . 78 - . 19� - . 12X2 
Where : x1 
= age of leaf as measured by position on culm 
x2 percent disease by method 2 
Standard partial reeression coefficients were : b ' l  = . 06 and b ' 2 = .65. 
This indicated that disease percent was over 10 times more useful in 
predicting digestibility than age of leaf. The analysis of variance for 
this study is shown in Table A-7. The analysis of variance of in vitro 
dry matter digestibility indicated significant differences among geno­
types at the 1% level and among leaves at the 5% level. The genotype by 
leaf interaction was s ignificant at the 5% level. The analysis of vari­
ance of disease percent showed significant differences among genotypes 
and leaves at the 1% level for both methods of disease determination. 
In a greenhouse experiment, the effect of a fungal pathogen, 
Table 12 . Means of plant characteristics for 34  genotypes and 2 checks for f ield 
cut no . 1 ,  19 7 2 . 
cm . Kg/Ha % Kg/Ha 
Genotn�e Height Yield IVDMD TDDM Vigor Leaf . Coars e .  Diseas e 
lA·-10-5 100 2079  7 1 . 0 11-1- 7 6  2 . 5  1 . 5 2 . 0  2 . 5  
lA-20-42 79 25 75  7 2 . 4  1864 2 . 5  1 . 0  2 . 0  2 . 0  
lA-34-40 106 , 3i� 02 69 . 6  2 368  1 . 5  1 . 5  2 . 5  1 . 5  
2A-8-12 82 2 356  7 1 .  5 1686  2 . 5  1 . 5  2 . 5  2 . 0 
2A-9-22 94 2532 71 . 6  1813 2 . 0  1 . 0 2 . 0  2 . 0  
2A-16-21 91 2516 7 2 . 6  1827  2 . 0  1 . 0 2 . 0  2 . 0  
2A-21-28 96  2 704 71 . 9  1942 1 . 5  1 . 0  3 . 0 2 . 0  
2A- 32-28  7 7  1960  7 0 . 8  1392  2 . 5  1 . 0 2 . 0  2 . 0  
2B-2-19 67 2019 70 . 9  1431 2 . 5 2 . 0  2 . 5  2 . 5 
2B-12-46 103 1 5 71  7 0 . 0 1100 2 . 5  1 . 5  2 . 0  2 . 0  
3A-42-29 96 3133 69 . 9  219 0 1 . 5  1 . 0  2 . 5  2 . 0  
3B-23-13 7 7  2129 7 2. 5 1544 2 . 0  2 . 0  2 . 0  3 . 0  
3C-46-41 102 2 701 70 . 1  1918  2 . 0  1 . 5  2 . 5  2 . 5  
3D-15--50t/ 70 3097 60 . 0  1858 1 . 5  1 . 0  1 . 0 1 . 0  
3D-45-15& 4 7  1376  70 . 9  9 7 8  3 . 0  1 . 5  2 . 5  1 . 0  
3E-8-23  106 3L• 49  7 0 . 2 2421 1 . 5  1 . 0 2 . 0  1 . 5  
3E-12-19 80 2861 70 . 4 2018 1 . 5  1 . 0  2 . 0  1 . 5  
3E-14-25 88 311 7 66 . 9  2085 1 . 5  1 . 0 . 5 2 . 0 
3E-15-16 6 7  1518 7 2 . 5 1100 2 . 5  2 . 5  2 . 0  1 . 5  
3E-19-50 91 3665  69 . 7  2555  1 . 5  1 . 0  4 . 0  2 . 5  
3E-24-4 7 9 9  2580 7 0 . 1 1809 2 . 0  1 . 0 2 . 0  2 . 5  
4A-11·-42 9 7  3081 69 . 3 2133  1 . 5 1 . 0  2 . 5  3 . 5  
4A-15-3 85 2 5 7 5  7 0 . 1 1807 2 . 0  1 . 0  1 . 5  2 . 5 
4A-40-23 7 9  249 3 70 . 0 1745  2 . 0  1 . 0  2 . 0  3 . 0  
4B-1-2 91 2 330 68 . 7  1601 2 . 0  1 . 5  2 . 0  2 . 5  
4B-2-30 114 3244 66 . 5  215 7 1 . 5  1 . 0  2 . 0  2 . 5 
4C-12-21 83 2143  7 1 . 3  152 7  2 . 0 1 . 0 2 . 5  2 . 5  
4C-18-21 116 2 841 71 . 0  2017  2 . 0  1 . 0  2 . 5  2 . 0  
4C-28- 31 9 9  2 9 6 7  71 . 5  21-21 1 . 5  1 . 0  2 . 0  1 . 5 
l � crmJlttll w 
Table 12 (continued) 
cm . Kg/Ha % 
Geno tn�e Height Yield IVDMD 
4C-37-21 78 2474  71 . 1  
4F-11-10 9 6  2006 71. 1 
4F-30-l 9 7  3405 70. 5 
4F-48-2 7  9 7 , 2804 6 9. 3 
4F-49-28 100 2 680 71 . 1  
Saratoga 89 3462 71.  3 
SD 7 6 7  1900 70. 2 
Dunnett ' s  . 05 21 1849 5 . 4  
#Reed canarygrass  
&Orchardgrass 
Kg/Ha 
TDDM Vigor Leaf . 
1759  2 . 0 2 . 0 
142 6 2 . 5 1 . 5  
2401 1 . 5 1 . 0  
1943 1. 5 1 . 0 
1905 2 . 0 1. 5 
2468 1 . 0  1 . 0  
1 334 2 . 5 1 . 5  
1269 1 .  7 1 . 3 
Coarse .  
2 . 0 
2 . 0 
2. 0 
2. 0 
2 . 5  
2 . 5 
2 . 0 
1 . 6 
Disease 
2 . 0 
2 . 5 
2 . 5 
2. 0 
1 . 5 
2 . 5  




Table 13 . Means of  plant characteris tics for 34 genotypes and 2 checks for field 
cut no . 2 ,  19 7 2 . 
cm . Kg/Ha % Kg/Ha 
Geno ty� Height Yield IVDMD TDDH V igor Leaf . Coars e .  Disease 
lA-10-5 32 2453  7 3 . 9  1811 2 . 0  2 . 0  2 . 0  2 . 0  
J.A-20-42 34 2 7 5 7  7 3 .  8 2035 1 . 5  1 . 0  2 . 0  2 . 5  
lA-34-40 37 30 7 3  72 . 0 221 3 1 . 5 1 . 5  1 . 5 2 . 0  
2A-8-12 33 217 7 7 3 . 4  1600 2 . 0  2 . 0  2 . 5 1 . 5  
2A-9-22 34 2 859 75 . 9  2171 2 . 0  1 . 5  1 . 0  2 . 0  
.A-16-21 36  2946  75 . 5  2224  2 . 0  1 . 5  2 . 5  4 . 0  
2A-21-28  34 2812 74 . 2  2087  2 . 0  2 . 0  2 . 5  3 . 5  
2.A-- 32-28  32 2516 7 3 . 9 1859 2 . 5  1 . 5  1 . 0  2 . 5  
2B-2-19 34 1779 7 3 . 3 1305 2 . 5  2 . 0 2 . 0  1 . 5 
2B-12-46 25 2540 7 6 . 3  1938 3 . 5  2 . 5  1 . 0  2 . 0  
3A-42-29  39  3175 71 . 3 2 268  1 . 0  1 . 0 1 . 5  3 . 0 
3B- 2 J-13 34 19 74  7 3 . 8  1457 2 . 0  2 . 0  2 . 0 4 . 0 
3C-46-41 39 2 938 73 . 8  2171 1 . 0 1 . 0  2 . 0  3 . 5  
3D-15-50// 29  3294  71 . 1  2 342  2 . 0  2 . 0  1 . 5  1 . 0  
3D-45-15& 34 1726  69 . 8  1201 2 . 0  2 . 0  2 . 0 1 . 0  
3D-8-· 2 3  3 3 3199 7 6 . 0  2426 2 . 0  2 . 0  2 . 0  2 . 5  
3E-12-19 34 2 7 90 7 5 . 4 2102 1 . 5  2 . 0  1 . 5  1 . 5  
3E-14-25 35 2 9 33 74 . 1  2174  1 . 5 1 . 5  2 . 5  2 . 0 
3E-15-16 32 2269  7 5 . 9 172 7  2 . 5  1 . 5  2 . 0  2 . 5  
3E-19-50 39 351 3 7 3 . 3  2575  1 . 0 1 . 0  4 . 0  3 . 0  
3E-24-4 7 39 229 3  74 . 5  1710 1 . 0 1 . 5  2 . 5  2 . 5 
4A-ll-42 37  2530 73 . 1  1849 2 . 5  2 . 0  2 . 0  3 . 0  
4A-1 5-3  % 2 7 6 7  7 3 . 3 2028 2 . 0  2 . 0  2 . 5  2 . 0  
4A-40-2 3 '3 5 2 867  69 . 0  1978 1 . 5  1 . 0  1 . 5  4 . 0  
4B-l-2 27  2206 7 2 .  2 159 3  3 . 5  2 . 5  2 . 0  2 . 0  
4B-2- 30 40 2 6 7 7  70 . 3  1882 1 . 5  1 . 5  1 . 5  3 . 0  
4C-12-21 33 2519 72 . 2 1819 1 . 5 2 . 0  2 . 5  2 . 5  
4C-18-21 37 309 9 7 3 . 5 2 2 7 8  2 . 0  2 . 0  2 . 5  2 . 5  
4C-28- 31 30 2 538 7 5 . 6  191·9 3 . 0  2 . 0  2 . 0  1 . 0  
Table 13  (continued 
cm. Kg /Ha % 
Geno type Height Yield IVDMD 
4C-37-21 40 2530 71. 6  
4F-ll-10 26 2 56 7  71 . 1  
4F-30-l 31 3028 7 2. 6 
l►F-48-2 7 36  3 705 75. 5  
4F-49-28 26  2846 75. 4  
Saratoga 31 1880 7 5. 0 
SD 7 29  2052 71. 8 




TDDM V igor Leaf. 
1815 1. 5 2. 0 
1825 3 . 5  2. 5 
2198  2. 0 1. 5 
2 7 9 7  1. 5 1. 5 
2146 2. 5 2. 0 
1410 2. 0 1. 5 
1473  2. 5 1. 5 






















Table  14 . MaLure p lant charac te r i s t ics n f  62 s� l  •c ted smoo th  bror1cgrass g_cnotypes in 
the f ield iu l 9 i2 as spaced p lan l s .  
LEAF DISEASES** 
,:0, <11 <O N ... (/) +' a H "Cl 
Ul Ill B -I< 0 0 .c Qj Ul Qj -IC ...c: 0. ...c: la ..; Qj 0. QJ c:: 00 0. Ill u u Ul QJ 
>, ... c:: Qj u C: <O 0 c:: :J Qj M ;:J: Ul u M ..... Ul ...c: ..... c:: c:: "Cl ..... Ul M 00 � 0 0 .... M 00 00 Qj 00 ...., � "Cl � -5 . -0 c:: 00 <O <O ..... -0 ...., <II <11 Qj Qj c:: 
Qj ..... Qj 0 Qj 0 Qj u cJ Qj QJ M c:: u Qj <11 � ::,. ... � u ::i:: � V) V) V) ::i:: V) 00 � ;:J: V) ,z 
lA-l 0- 5  2 2 2 103 2 T 2 0 0 4 . 4  1 1 . 4  38 . 6  5 5  
lA-20-42 1 2 2 130 1 T 3 T 0 2 6 . 8  50 . 0 53 . 6 26 
lA-34-40 1 1 2 130 2 0 2 0 0 36 . 9  61 . 6  59 . 9  12 
2A-8-12 2 2 2 14 7 1 T 2 T 0 2 5 . 7  4 1 . 9  61 . 5  10 
2A-9-22 2 2 2 1 33 1 T 3 ·O  0 16 . 9  30 . 2  56 . 0  20 
2A-16-21 2 l 2 1 3 3  1 T 3 0 T 8 . 4  2 6 . 3  31 . 9  56 
?.A-21-�8 2 2 1 155 1 2 T 0 T 19 . 3  4 3 . 2 44 . 7  46  
2A-32-28 1 2 2 1 30 2 0 3 T T 25 . 9  44 . 2  58 . 6  1 5  
2B-2-1 9 2 1 2 116  1 4 T 0 T 16 . 3  30 . 9  52 . 8  30 
2B-12-46 1 2 1 160 2 T 4 0 T 2 7 . 9  4 2 . 2  66 . 1  3 
3A-42-2 9  3 2 2 131 1 0 3 0 0 8 . 7 18 . 8  46 . 3  44  
3B-2 3- 1 3  2 1 3 107 1 T 3 0 T 9 . 0  1 6 . 3  55 . 2  2 3  
3C-46-41 1 1 2 1 3 7  2 0 4 0 0 42 . 1  69 . 7  60 . 4  11 
3E-8-23  1 1 2 126  2 T 3 0 T 22 . 3  4 6 . 2  48 . 3 39 
3E-12-19 2 1 2 128  1 0 2 0 0 2 1 . 1  39 . 5  53 . 4  2 8  
3E-14-25 1 1 2 128 1 T 3 T 0 1 6 . 7 31 . 0  5 3 .  9 25  
3E-24-4 7 2 2 3 124  2 T 2 T 0 16 . 6  37 . 7  44 . 0  48 
4A-ll-42 2 2 2 141 1 2 2 0 0 18 . 2  32 . 3 56 . 4  18 
4A-15-3 1 2 2 106 4 3 T 0 T 2 . 2 7 . 1  31 . 0  5 7 
4A-40- 2 3  2 l 2 110 1 4 T 0 0 17 . 5  4 2 . 4  41 . 3  51  
4B-l-2 2 1 3 106 2 0 0 0 l 2 6 . 0 4 1 . l  6 3 . 3 6 
4B-2-30 1 2 3 129  l 3 T 0 T 17 . 4  2 6 . 4  65 . 9 4 
4C-12-21  2 l 2 1 31 1 4 0 0 0 11 . 9  24 . 4  48. 8 36 
4C-18-21 1 1 2 144 l 3 0 0 T 14 . 0  2 9 . 5  4 7 . 5  41 
l! C-28-31 2 1 .... 132 1 T l T 0 19 . 1  43 . 4  4 4 . 0  48 4 
L; C-3 7- 21  2 l 2 128  l 4 0 0 0 18 . 4  32 . 8  56 . l  19  
4F-ll-10 2 2 2 120 l 2 0 0 0 36 . 6  66 . 2  55 . 3 22 
4F-30-l 2 1 2 126 1 1 0 0 0 36 . 8  65 . 1 56 . 5  17 
4F-48- 2 7  3 2 2 124 1 1 0 0 0 11 . 1  2 5 . 1  44 . 2  47  
4F-49-28  2 2 2 120 1 3 0 0 0 17 . 2  42 . 1  40 . 9 52 
lA-20-22  3 2 2 126 l 4 T 0 T 7 . 0  11 . 3  62 . 0  8 
2A-22-18 2 1 2 121 2 3 0 0 T 4 3 . 5 83 . 5 52 . 1  33  
3E-19-50 2 l 2 126 2 T 2 0 T 13 . 6  2 '3 . 3  58 . 4  16 
3E-15-1 6 2 1 3 101 l 1 0 0 0 11 . 4  21 . 8  5 2 . 3 32 
lA-24-19 2 3 2 143 1 T 2 0 0 10 . 4  21 . 5  4 8 . 4  38 
lA-30-39 2 2 2 1 2 3  1 0 2 0 0 19 . 2  34 . 2  5 6 . 1 19 
lA-30-50 1 2 2 128 1 T 3 T T 38 . 4  80 . 3  47 . 8  40 
2A-9-16 2 2 2 145 1 0 2 0 0 20 . 7  44 . 6  4 6 .  4 4 3  
2A-25- 34 2 2 2 118  2 T 3 0 T 1 7 . 5 35 . 0  50 . 3 45 
2A-37-9  2 2 2 131 2 0 3 0 T 1 7 . 1  33 . 1  51 . 7 34 
2A- 37-36 2 2 2 1 30 1 0 3 0 0 4 . 6  17 . 0  2 7 . 1  58 
2A-43-4 2 l 3 105 1 0 2 0 0 10 . 8 26 . 1  41 . 4  so 
3A- 35-1 7 2 2 2 123 1 0 3 0 T 9 . 6  20 . 3 4 7 . 3  42  
4A- 1 7-30 2 2 2 1 39 1 3 T 0 0 2 0-6 38 . 9  5 3 . 0  2 9  
4A-42-31  2 l 3 109 l 3 T 0 0 2 7 . 7  52 . 7  52 . 6  31 
2 B-9-45 3 l 4 123  1 4 T 0 T 9 . 3  18 . 1  51 . 4  34 
3B-30-14  1 l 2 128  1 0 4 0 0 4 1 . 1  7 7 . 4  5 3 . 5 2 7  
3B-43-3  2 1 2 1 36 2 0 2 0 0 9 . 6  1 7 . 0  56 . 5  17 
4B- 8-2 7  2 2 3 115 2 0 4 0 T 1 5 . 1  22 . 1  68 . 3  1 
4B-20-37  3 1 2 127  1 T 3 0 T 5 . 4  1 3 .  7 39 . 4  54 
4B-37-20 1 2 3 108 2 3 0 0 0 4 1 . 4  69 . 7 5 9 . 4  1 3  
2C-8-12 2 2 2 122 1 4 T 0 0 2 0 . 2  32 . 7  61 . 8  9 
3C-6-2 3 2 2 2 128 1 T 3 0 T 12 . 8  2 3 . 5  54 . S  24 
bC-4-1 7 3 l 2 125 1 0 J 0 T :!.4 . 4  33 . 0  4 3 .  6 49 
3D-4 1 - 7 t  2 1 3 112  1 0 2 0 0 19 . 0  30 . 1  6 3 . 1 7 
4D-1 2··2+ 2 2 3 1 3 7  2 1 0 0 0 14 . 6  36 . 1  40. 4 5 3  
3E-8- 2 3  2 1 2 120 1 0 3 0 T 2 1 . 0  46 . 6  45 . 1  45  
3E- 1 8-17  2 1 2 140 1 0 3 0 0 2 3 . 4  36 . 1  64 . 8  5 
3£-10-46 J 1 3 1 21 l T 3 0 0 1 5 . 5 31 . 8  48 . 7  37 
3E-26 · '• l  2 2 2 12 7 1 0 2 T 0 3 1 . J 53 . 2  58 . 8  11, 
3F-22- 48 z 2 1 30 1 0 J 0 0 2 7 . S  4 1 . 2  66 . 8  2 
3F- J 7-'.>u J 2 3 11 5 l 2 T 0 0 1 3 . 0  2 3 . 3 55 . 8  21 * 1 tno�: L tki- i c1b l c  - s h•as l d ._•s i r.1h le 
fl l 111os t C0,1 !:>C - 5 very  ( inc s temmed 
*1. Lea f  d l ra•asc�, : 0 non · , T t ra  · ' ,  1 10% o f  surf:ice , 9 907 of sur(ac 
*** L upr ight - ':J pros lra te  
+ South  Dako t ;, 7 
49 
Tab le 15 . Means o f  d isease  p ercentages ob tained by  two methods 
and IVff ID of 31 geno types grown in the field in 19 72 . 
Geno t:n�e Disease % Method 1 Dis2ase % Method 2 IVDMD 
lA- 20-22 71 . 3  7 1 . 3  53 . 7 
lA-20-42 23 . 4  2 3 . 4  5 7 . 6  
lA-34-40 14 . 3 7 . 0  62 . 6  
2A-8-12 2 . 4  1 . 9 62 . 7  
2A-9-22 17  . 0  9 . 2 59 . 7  
2A-16-21 46 . 3  30 . 8 52 . 5  
2A-21-28 9 . 8  8 . 4  60 . 7 
2A- 32-28 29 . 0 24 . 9 57 . 0  
3A-42-29 20 . 5  1 9 . 0  56 . 7  
4A-ll-42 38 . 8  2 3 . 7  5 5 . 2  
4A-15-3 32 . 3  2 5 . 5 57 . 0  
4A-40-23 2 3 . 8 19 . 2  56 . 5  
2B- 2-19 37 . 5  32 . 0  54 . 0  
2B-12-46 32 . 5  19 . 4  55 . 8  
JB- 2 3-13 37 . 5  38 . 3  53 . 5  
4B-l-2 1 . 9  2 . 3 60 . 1  
4B-2-30 33 . 8  27 . 8  5 4 . 7 
3C-46-41 19 . 5  1 3 . 2  56 . 5  
4 C-12-21 30 . 8  1 9. . 3 54 . 7  
4C-18-21  12 . 8  12 . 3  5 7 . 5  
4C-28- 31 2 . 8  1 . 1  58 . 6  
4C-37-21 43 . 8  39 . 1  54 . 6  
3E-8-23  20 . 8  21 . 1  56 . 2  
3E-12-19 4 . 0 6 . 2  60 . 6 
3E-14-25  15 . 8  12 . 9  53 . 9  
3E-15-16 19 . 2  5 . 6  60 . 9  
3E-19-5 0  21 . 8  24 . 0 5 3 . 7 
3E-24-47  5 . 5  8 . 1 55 . 7  
4F-ll-10 15 . 3  14 . 1  55 . 7  
4F-30-l 1 . 9  1 . 9  62 . 6  
4F-49-28  28 . 8  16 . 1  57 . 3  
Dunnet t 1 s . 05 29 . 5  2 4 . 5  9 . 1  
Table 16. Correla tion coefficients of leaf characteristics o f  
3 1  genotypes infected with foliar diseases i n  the 
field in 1972. 
Leaf No. (Age) 
Disease %, Ml 
Disease %, M2 
Disease %, Ml 
. 60** 
Disease %, M2 
. 55 ** 
. 92** 
**Indicates significance at 1% level 
Ml indicates method 1 of obtaining percent disease 
M2 indicates method 2 of obtaining percent disease 
IVDHD 
- . 4 1**  
- . 64** 
- . 6 8 ** 
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Table 17 . Mean disease percentag e  and in v i tro d ry mat ter 
d iges t ib ility of 5 replica tions of  33  genotypes 
infected with Helminthosporium bromi ; Mean IVDMD 
o f  2 replications of noninoculated checks o f  the 
same geno types. 
% % % 
Geno type Dis ease  IVDMD Check IVDMD 
lA-10-5 3. 2 69. 2 7 2. 7  
lA-20-42 5. 6 69. 4 70. 9  
lA- 34-40 4. 0 69. 7 71. 4  
2A-8-12 6. 6 6 7. 4  71. 8 
2A-9-22  2. 6 6 8. 3  74. 7  
2A-16-21 18 . 6  65. 0 69. 6 
2A-21- 2 8  6. 8 67. 9  68. 4 
2A- 32-28  6. 8 6 7. 4  7 3. 7  
3A-42-29 8. 0 69. 3 71. 2 
4A-ll-42 18. 6 68. 8  68. 5 
4A-15-3 5. 4 71. 2  71. 6  
4A-40-23  18. 0 65. 2 71. 4 
2B- 2-19 17. 0 6 7. 0  7 2. 6  
2B-12-46 10. 0 66. 2 69. 0 
3B-2 3-13 7. 4 69. 7 7 2. 1  
4B-l-2  1. 0 66. 8  6 7. 6  
4B-2- 30 12. 0 6 7. 1  71. 2  
JC-46-41 9. 4 66. 2 7 2. 1 
4C- 12-21 10. 4 68. 7 71 . 0  
4C-18-21 6. 6 6 7 . 6  7 2. 7 
4C-28- 31 5. 2 6 7. 8  70. 2 
4C-37-21 9. 4 70. 0 71. 1  
JE-8- 2 3  5. 8 6 7. 8 72. 6 
JE-12-19 7. 2 69. 3 7 2. 1 
3E-14-25 4. 4 70. 7 71. 5 
JE-15-16 6 . 0  68. 2  7 2. 0  
JE-19-50 14. 0  66. 4 69. 0 
JE-24-47  12. 8 69. 9 70. 3 
4F-ll-10 8. 8 68. 3 70. 6 
4F-30-l 6. 2 68. 6 69. 7 
4F-49-28  10. 4 71. 1 71. 1  
4F-48-27  6. 9 6 7. 9  7 2  . 5  
Saratoga 4 . 2  68. 3 71. 6  
Dunne t t ' s  . 05 15 . 2  4. 6 4. 6 
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Helminthosporium bromi, on the in vitro dry matter digestibility of 
smooth bromegrass leaves was further studied using 32 selected genotypes 
and Saratoga. Table 17 contains some of the data from this study. The 
overall mean of disease level was 8. 5%. The overall mean IVDMD percent 
of inoculated genotypes was 68.3%, and the overall mean of the uninocu­
lated controls was 71. 2%. The coefficient of correlation between disease 
percent and IVD :ID percent was -. 33. This regression equation accounting 
for 33% of the variance was obtained : IVDMD % = 69. 3 - . 12X 
Where : X = percent diseased area of leaves. 
Table A-8 shows the analysis of variance for this study. Significant 
differences among inoculated and uninoculated treatments were found for 
in vitro digestibility at the 5% level. 
Table 18 shows mean in vitro digestibility percentages obtained for 
one genotype, 4F-30-l, inoculated with two different strains of brome­
grass mosaic virus and distilled water as a control. Table A-9 shows no 
significant differences in in vitro digestibility among the treatments 
used. 
Table 19 contains mature plant characteristics from the spaced 
planting of 62 selected smooth bromegrass genotypes in 1973. Table 20 
shows the mean in vitro dry matter digestibility of 32 of these 62 geno­
types in spaced planting compared with the mean IVDMD of the same 32 
genotypes in solid stand harvested at the same time in 1973. The solid 
stand data were obtained from the nursery containing the 34 selected 
genotypes at the Wildlife Unit. The coefficient of correlation between 
IVDMD under the two conditions was . 10. 
Tables 21-24 contain means of plant characteristics measured for 
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each of four cuttings of the 34 selected genotypes and 2 check varieties 
in 19 73. The four separate analyses of variance for these cuttings ap­
pear in Table A-10. Significant differences among height of genotypes 
was shown for cuttings one and four at the 1% level. Vigor among geno­
types differed significantly at the 1% level for cuttings one and three 
and at the 5% level for cutting two. Significant differences among geno­
types at the 1% level were found for yield and water use efficiency for 
the first three cuttings of 1973. Significant differences among geno­
types at the 1% level were also found for IVDMD and total digestible dry 
matter on cuttings one and two .  
Correlation coefficients among plant characters for the four cuttings 
of the selected genotypes in 1973 are shown in Table 25. Significance was 
easily obtained due to the large number of degrees of freedom in the ex­
periment. Yield was positively correlated with height ( . 71) , water use 
efficiency (. 94) ,  and vigor (. 31). In vitro dry matter digestibility was 
negatively correlated with yield (-. 32) , total digestible dry matter 
(-. 27) , vigor (- : 24), and water use efficiency (-. 25). 
Table 26 contains means of plant characters for six field cuttings 
of the 34 selected genotypes and 2 check varieties in 197 2  and 1973. 
Ranges and overall means for the individual cuttings appear in Table 27. 
The combined analysis of variance of the six cuttings is shown in Table 
A-11. Data on water use efficiency and water used were available for 
only the four cuttings of 1973. Significant differences among genotypes 
were obtained at the 1% level for height, yield, vigor, disease, in vitro 
digestibility, total digestible dry matter, and water use efficiency. 
Significant differences among genotypes at the 5% level were obtained 
Tab le  18 . Mean in vitro dry matter diges tib ility o f  one smooth 
bromegrass geno type  ino cula ted with two s trains of  
bromegrass mosaic virus and uninoculated check .  
% % % 
Pot Number Bl Strain IVDMD B2 Strain IVDMD Check IVDMD 
1 7 3 . 0  7 3 . 8  7 2 . 5  
2 70 . 4  71 . 5  7 2 . 4  
3 70 . 7  7 2 . 9  7 2 . 6  
4 74 . 2  7 3 . 8  7 2 . 5  
5 72 . 2  76 . 0  7 2 . 4  
Mean 72 . 1  7 3 . 6 72 . 5  
Dunnett ' s  . 05 1 . 9 
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Tabl e  19 .  Mat u re plant charactcr l s t i cs of 62  se lec ted smooth bromcgr ass 
genotypes in the f ie ld in 197 3 as spaced plants . 
LEAF DISEAS ES** 
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-l< U) e s "O N 
(I) 
U) U) 0 -l< (I) � "O U) (I) CJ -B .c .c ,_j ,c <11 0.. <1) r:: 0.. w rJl "' u <11 
>-- -l< c:: (I) u C: "' :J ::;: (I) 1-1 :l: ti) w ,.. .,.. U) ,c � C: 0 � :-, 0 ..... 1-1 00 QJ 1-1 "O -5 . "O .x r:: eo "' "' .,.. .-i .-i 00 (1) "' <11 C: 
(I) "M <1) 0 Q/ Q/ <1) Q/ <1) ,.. C: w (1) "' 
c., > ...l u ;i:: � en p,: Cf) 00 ;::, :J en 
lA-10- 5  1 2 2 70 2 3 4 59 . 2  158 . 2  38 . 7 52  
lA-20-42 3 2 4 60 1 T 3 46 . 9  86 . 9  54 . 0  32  
lA-34-·40  2 2 3 66 2 1 2 36 . 7 5 3 . 2  69 . 0  5 
2A-8-12 2 2 3 61 2 1 2 9 9 . 7 157 . 8  6 3 .  2 1 4  
2A-9-22 2 2 2 70 3 2 3 52 . 0  97 . 2  5 3 .  5 34 
2A-16-21 2 2 2 66 1 1 4 42 . 7  76 . 4  5 5 . 9  2 9  
2A-21-28 1 1 2 70 2 T 3 91 . 6  1 4 3 . 3 6 3 . 9 11  
2A- 32- 2 8  3 2 2 50 1 2 4 45 . 3  7 2 .  3 62 . 7  1 6  
2B-2--1 9  2 2 2 71 2 T 4 32 . 9  4 9 . 9  6 5 . 9 8 
2B-12-46 l 2 3 82  1 T 2 27 . 1  4 9 . 1 5 5 . 2  30 
3A-42-29 1 1 3 7 7  1 2 5 32 . 8  45 . 9  7 1 . .5  2 
3B- 2 3- 1 3  1 2 3 93  1 T 2 5 9 . 6 100 . 7 59 . 2  24 
3C-46-41 3 3 3 60 1 1 3 6 2 . 9 122 . 1  51 . 5  37 
3E-8-2 3  2 1 4 79 2 T 3 65 . 5  120 . 5  54 . 4  31 
3E-12-19 2 2 3 82 3 T 1 31 . 1  114 . 1  2 7 . 2  59 
3E-14-25  3 1 4 68 1 1 2 34 . 0  46 . 2  7 3 . 6  1 
3E-24-4 7 1 1 4 83  1 T 5 8 7 . 0  1 52 . 9  5 6 . 9 28 
4A-ll-42 2 1 2 70 2 1 3 1 7 . 1  41 . 8  40 . 9 49  
4A-15-3 2 2 2 70 1 T 3 0 . 6  2 . 1  2 8 . 6 58 
- 4A-40-2 3 1 2 2 80 1 2 2 1 37 . 6  2 75 . 0  50 . 0  39 
4B-l-2 2 2 2 64 2 T 3 87 . 6  151 . 2  5 7 . 9  26 
4B-2-30 2 3 3 70 3 T 2 30 . 8  48 . 4  6 3 . 6 12 
4C-12-21  1 2 3 60 1 1 3 38 . 4 9 1 . S  42 . 0  48 
4C-1 8-21  1 2 2 70 l T 4 37 . 5  65 . 1  5 7 . 6  27  
4C-28-31 2 2 4 70 1 T 4 48 . 2  1 02 . 2  4 7 . 2  44 
4C-37-21 2 2 3 76 3 T 2 1 1 . 3 18 . 1  62 . 4  17 
4F-ll-10 l 2 3 88 1 1 4 4 1 . 9  215 . S  1 9 . 4  62 
4r-30-l 2 4 '+ 1 2  2 T 1 ol . 2  140 . 0 58 . 0  25 
4F-48-27  1 2 3 95 1 T 3 84 . 0  1 3 7 . 8  61 . 0  22  
4F-49-28 3 2 2 69 1 T 2 4 7 . 5  125 . 4  37 . 9  5 3  
lA-20-22 2 3 3 80 1 T 3 49 . 9  7 0 . 9 70 . 4  4 
2A-22-18 1 2 3 72 1 T 3 91 . 3  175 . 1  5 2 . 1  36 
3E-19-50 2 1 4 78 1 2 4 41 .  2 58 . 1  70 . 9  3 
3E-15-16 3 2 4 68 2 2 2 28 . 7 62 . 1  46 . 2  46 
lA-24-19 2 2 3 68 2 0 2 4 3 . 8  70 . 5 62 . 1  20 
lA-30-39 2 1 4 71  2 T 3 80. 8 129 . 8  62 . 2  19 
lA-30-50 1 2 3 77  1 T 3 146 . 1  2 32 . 6  62 . 8  15  
2A-9-16 2 2 5 69 2 T 2 18 . 4  49 . 7  37 . 0  55 
2A-25- 34 1 3 3 75 1 3 3 2 7 . 4  45 . 8  59 . 8  23  
ZA-37-9  2 3 3 70  2 1 3 60 . 9  89 . 6  68 . 0  7 
ZA-37-36 1 2 2 70 2 T 4 39 . 9  79 . 1  50. 4 38 
2A-43-4 2 1 2 72 3 1 4 108 . 1  165 . 6  65 . 3  9 
3A- 35-17  1 1 2 7 2  1 T 5 13 . 4  24 . 8  54 . 0  3 3  
4A- 1 7-30 2 2 2 66 1 T 4 4 3 . 1  1 10 . 0 39 . 2  5 1  
4A-42-31 1 2 3 90 1 T 3 62 . 1  157 . 5  39 . 4  50  
2B-9-45 2 3 3 80 1 1 2 21 . 3  45 . 6  46 . 7  45 
3B-30-14 2 2 3 72  2 T 3 80 . l  123 . 1  65 . l  10 
3B-43-3 3 2 3 7 3  1 T 2 26 . 1  52 . 9  49 . 3  4 1  
4B-8-27  3 2 4 52 1 2 3 3 1 .  7 46 . 3  68 . 5  6 
4B-20-37  2 2 3 72 2 1 2 14 . 3  58 . 9  24 . 3  60  
4B- 37-20 2 2 3 65 1 1 1 2 6 . 3 110 . 9 2 3 . 7 61  
2C-8-12 2 2 4 60 1 3 2 40 . 9  81 . 8  50 . 0  4 0  
3C-6-2 3  1 2 3 68 1 - 3 34 . 1  1 12 . 3 30 . 4  5 7  
4C-/4-l 7  1 2 2 71  3 1 2 63 . 0  129 . 9  4 8 .  5 4 3  
3D-41-7+ 1 1 4 80 2 0 5 6 1 .  7 1 33 . 8  46 . 1  4 7  
4D-12-2+ 2 2 3 80 1 r 4 18 . 4  35 . 0  5 2 . 6  35 
}E-8- 32 1 1 4 72 3 1 s 33 . 1  5 7 . 3  37 . 9  54 
3E-18-2 7  1 2 3 76 2 l_ 4 9 8 . 6 200 . 7 4 9 . 1 42 
3E-20-46 1 2 2 80 1 1 5 52 . 1  82 . 3  6 3 . 3 1 3  
3E-26-41 1 l 3 80 T 1 4 6 3 . 8  207 . 8  30 . 7  56 
3F-22-48 2 2 5 75  1 2 4 100 . 1 162 . 6  6 1 . 6  21 
JF-37-50 1 2 4 �lQ 1 1 3 7 3 . 8  11 8 . 4  62 . 3  18 
* l mos t dcs i r-,Jb le  - 5 l �...ifi. L <l-"s irnble 
ii l mos l co ... 1rs , �  - 5 very l ine stcr.imed ** Lca i d isea.,stc';j : O �one , T t r ace , 1 10% of  su;· (acc , 9 90:? o f  su:.-f.ice 
+ Sou th Dako t .1 7 
56 
Tab le 2 0 . Mean IVDdD of  1s t cut ting of  32 s elec ted geno types 
grmm as spaced plants and solid s tand in 19 7 3 .  
Geno tyPe IVDMD Spaced plant IVDMD So lid s t and 
lA-10-5 74 . 6  69 . 1  
lA-20-42 71 . 2  70 . 7  
lA-34-40 72 . 8  68 . 1  
2A-8-12 73 . 6  71 . 3 
2A-9-22 7 3 . 6  69 . 8  
2A-16-21 70 . 2  69 . 8  
2A-21-28 70 . 0  68 . 9  
2A-32-28 7 2 . 6  6 7 . 5  
3A-42-29 73 . 1  6 6 . 0  
4A-ll-42 74 . 9  6 7 . 8  
4A-15-3  7 3 . 3 67 . 4  
4A-40-23 70 . 3 68 . 6  
2B-2-19 72 . 4 69 . 6  
2B-12-46 67 . 8  69 . 8  
3B-2 3-13 70 . 3  6 9 . 6  
4B- l- 2  69 . 7 68 . 0  
4B-2-30 69 . 9  6 7 . 8  
3C-46-41 74 . 5  68 . 2  
4C-12-2.l i 2 . 3  6 7 . 5  
4C-18-21  7 3 .  5 70 . 1  
4C-28-31 71 . 5  68 . 7  
4 C-37- 21  69 . 5  69. 3 
JE-8-23 72 . 3  68 . 0  
3E-12-19 71 . 9 68 . 8  
3E-14-25 71 . 3  68 . 7  
3E-15-16 72 . 7  69 . 5  
3E-19-50 71 . 9 69 . 7  
3E-24-47 7 0 . 5  67 . 9  
4F-ll-10 71 . 8  6 8 . 8  
4F-30-l 68 . 8  66 . 9  
4 F-49-28  75 . 0 7 3 . 4  
4F-48-27 6 7 . 6  7 0 . 0  
r= . 10 
Table 21 . Means of p lant characters for first  f ield :ut t ing of s elected genotypes and checks in 197 3 .  
cm. Kg/Ha cm. Kg/Ha/cm % 
Geno tne Height Yield Watel'." Used WUE Vigor Lea f .  Coarse .  Dis . IVDMD 
L\- 10-5  62 5588 13 . 16 425  1 . 5 2 . 0  3 . 0  1 . 0  69 . 1  
lA-20-42 68 5026  1 3 . 9 7  360 1 . 5  2 . 0  2 . 5  2 . 0  7 0 .  7 
lA-34-40 60 5747  14 . 44 398 2 . 0  2 . 0  4 . 0 2 . 0  68 . 1  
2A-8-12 69 5377  14 . 45 372  2 . 0  2 . 0 2 . 5  2 . 5  7 1 . 3  
2A-9-2 21/ 63  5253  13 . 11 401 2 . 0  2 . 0  2 . 5  1 . 5  69 . 8  
2A-lo-21 69 5174  15 . 07 34 3 2 . 0  3 . 0  2 . 5  2 . 5  69 . 8  
2A-21-28 72  7 506 15 . 39 488 1 . 5  2 . 0  2 . 5  1 . 5 68 . 9  
2A- 32-28 72 4654 13 . 31 350 1 . 5  2 . 0  3 . 0  2 . 0  67 . 5  
2B-2-19  66  5057  13 . 28 381 2 . 0  2 . 0  3 . 5  2 . 0  69 . 6  
2B-12-46 // 59 3725  14 . 20 262 3 . 0  2 . 0  4 . 0  3 . 0  69 . 8  
3A-42-29 65 5243 15 . 44 340 2 . 0  2 . 0  3 . 0  2 . 0  66 . 0  
3B-23-13  61  5 1 03 16 : 65  306 3 . 0  2 . 5  4 . 0  2 . 0  69 . 6  
3C-46-41 62 5566 14 . 69  379 2 . 5  2 . 0  3 . 5  1 . 5  68 . 2  
3D-15 -50 Reed Canary 39 2887 15 . 1 7 190 4 . 0  2 . 0  1 . 5  1 . 0  7 3 . 0  
3D-45-15 Orchardgrass 2 8  49  14 . 95 3 5 . 0  3 . 0  3 . 0  1 . 0  74 . 4  
JE-S-2 3  6 7  5987 14 . 20 422  2 . 0  3 . 0  3 . 0  2 . 5  68 . 0  
32-12-19 58 5350 14 . 20 3 7 7  3 . 0  2 . 0  2 . 5  3 . 0  68 . 8  
3£-14-25 67  5 303 12 . 70 418 2 . 5  2 . 0  3 . 5  1 . 5  68 . 7  
3E-15-16 65 6346 14 . 91 4 26 2 . 0  2 . 0  3 . 0  2 . 0  69 . 5  
3£-19-50/i 64 4957 13 . 22 375  2 . 0  1 . 5  3 . 5  2 . 0  69 . 7  
3E-24-47 76  7019 16 . 25 432 1 . 0  2 . 0  3 . 5  1 . 0  6 7 . 9  
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Tab le 21 (con t inued ) 
cm . Kg/Ha cm . Kg/Ha/cm 
Gen_�':)'.ee 1-lei g;b t  Yield Water Used WUE 
411-1 1-42 69 5 7 36 13 .  31 43 1 
4A-15-3  62 4748 1 4 . 08 337 
l,A-40-23  6 5  5685 15 . 00 379 
l+ B-1-2 75 6366 14 . 1 3 451 
4B-2·· 30 76 6496 1 3 . 1 7  493  
4C-12-21 75 5971  1 4 . 06 425 
4C- 1 8-21  74  5628 15 . 1 7 371  
4C-28- 31 67  5685 1 3 .  67 416 
4C-37-21 73 6190 14 . 70 421 
4F-l l-10 74 5437 14 . 98 363 
4F- J0-l  76  5969  1 3 . 12 11
5 5  4F-l,8-:O 68 6371 15 . 09 422 
4 F-49-28 58 5122 15 . 11 339 
Saratoga 72 6174 14 . 2 7 433 
South Dakota 7 60 5181 1 3 . 44 385 
Dunnc t t ' s  . 05 16 2317  3 . 32 201 
''ii�or 
1 . 5  
2 . 0  
2 . 0 
1 . 5  
1 . 0  
1 . 0  
1 . 5  
2 . 0  
1 . 0  
1 . 5  
2 . 0  
1 . 5  
2 . 5  
1 . 5  
2 . 5  
1 . 9  
- -- -- --- -
Leaf . Coarse . 
2 . 0  2 . 5  
2 . 5  3 . 5 
2 . 0  3 . 5  
1 . 5  3 . 0  
2 . 5  3 . 0 
1 . 5  3 . 5  
2 . 0  3 . 0 
3 . 0  3 . 0  
1 . 5  3 . 0  
2 . 0  3 . 0  
2 . 0  2 . 5  
1 . 5  3 . 5  
3 . 5  3 . 5  
2 . 0  3 . 0  
1 . 5  3 . 0  
2 . 0  2 . 0  
% 
Dis . IVDMD 
2 . 0  67 . 8  
2 . 5  6 7 . 4  
2 . 0  68 . 6  
2 . 0  68 . 0  
2 . 5  67 . 8  
2 . 5  67 . 5  
1 . 5  70 . 1  
1 . 5  68 . 7 
1 . 5  69 . 3  
2 . 0  68 . 6  
1 . 5 66 . 9  
2 . 0  7 0 . 0  
2 . 5  7 3 . 4  
1 . 5  70 . 2  
1 . 5  71 . 1  
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Table 22 . �ans of plant  characters for second f ield cut t ing of selec ted genotypes and checks in 19 73 . 
cm . Kg/Ha cm. Kg/Ha/cm % 
Geno tYQe Height Yjeld  Wate>r Used WUE Vi_g_or Lea f .  Coarse . Dis . IVDMD 
lA-10-5 44 2693 20 . 95 129 2 . 0  2 . 0  3 . 0  1 . 5  68 . 2  
lA-20-42 38 3280 20 . 01 164 1 . 5  2 . 0  2 . 5  2 . 0  68 . 7  
lA-34-40 50 3866 19 . 61 197 L O  2 . 0  4 . 0  L 5  67 . 2  
2A-8- 12 43 3240 19 . 7 6 164 1 . 5  2 . 0  3 . 0  2 . 5  6 9 . 5  
2A-9-22 38 2640 22 . 95 115  2 . 0  2 . 5  4 . 0  2 . 0  7 1 . 5  
2A- 1 6-21 44 3355 24 . 70 136 L 5  1 . 5  3 . 0  1 . 5  69 . 2  
2A-21-28 39 2982 21 . 4 2  1 39 2 . 0  1 . 5  3 . 0  2 . 0  72 . 9  
2A-32-28 39 2502 21 . 4 5  1 1 7  3 . 0  2 . 5  3 . 5  1 . 5  65 . 2  
2B- 2- 1 9  48 3555 20 . 89 170 L O  2 . 0  3 . 0  1 . 0 70 . 3  
23-1 2-46 35 2506 20 . 83 120 J . 0  2 . 0  3 . 5  2 . 5  72 . 3  
3A-42-29 47 4261 20 . 4 2 209 1 . 0  1 . 5  3 . 0  1 . 5  65 . 9  
3B-23- J  3 54 4067  1 9 . 33 210 1 . 0  1 . 0  3 . 5  1 . 5 6 7 . 1  
JC-46-41 41 3544 23. 92 148 z . o  1 . 5  3 . 5  1 . 5  7 1 . 0  
3D-15-50 Reed Canary 47  3511  20 . 89 168 1 . 0  ?. . O  2 . 0  1 . 0  68 . 2  
3D-4 5-15 Orchardgrass 30 684 23. 7 3  2 9  4 . 0  2 . 0  3 . 0  1 . 0 7 1 . 0  
3E-8-2 J  4 1  334 7  20 . 83 161  2 . 5  2 . 5  4 . 0  3 . 0  70 . 6  
3E-1 2-19 37 2 736 22 . 1 1 124 2 . 5  2 . 0  3 . 0  z . o  70 . 2  
3£-14-25 48 3408 22 . 70 168 1 . 0  1 . 5  3 . 0  1 . 5  6 7 . 3  
3E- 15-16 4 3  2430 2L 51 113  2 . 5  1 . 0  4 . 0  1 . 5 72 . 1  
JE-19-50 45 3512 1 9 . 95 1 76 J. . 5  1 . 5  4 . 0  1 . 5  6 8 . 3  
3E-24-47 45 3107 20 . 89 149 1 . 5 1 . 5  3 . 0  2 . 5  70 . 4  
4A-ll-42 43  3254 21 . 45 152  2 . 0  2 . 5  3 . 0  2 . 0  68 . 1  

















































South Dakota 7 

















Kg/Ha cm . Kg/Ha/cm 
Yield Water Used WUE 
3204 19 . 4 2 165 
2641 20 . 01 132 
3 738 20 . 58 182 
3044 19 . 20 159 
2845 20 . 61 138 
2 7 35 18 . 48 148 
3144 18 . 26 144 
2894 21 . 8 3 133  
2857 20 . 58  139  
3359 2 1 . 51 156 
2 720 2 0 . 08 135 
3762 19 . 64 192 
2 738 20 . 39 1 34 
1499 7 . 08 92 
Visor Leaf . Coarse .  
1 . 5  2 . 0  3 . 0  
2 . 5  2 . 0  3 . 5  
L , 0  1 . 5  2 . 5  
1 . 5  1 . 5  J . O  
L S 1 . 5  3 . 5  
1. . 5  2 . 0  3 . 0  
l . O 1 . 0  3 . 0  
1 . 5  1 . 5  3 , 5  
:? . O  2 . 0  2 . 5  
2 . 0  1 . 0  4 . 0  
2 . 0  2 . 0  2 . 5  
J. . O  2 . 0  2 . 5  
1 . 5  1 . 0  3 . 5  
2 . 3 1 . 9  1 . 9  
% 
Dis , IVDHD 
1 . 5  68 . 1  
2 . 0  70 . 4  
2 . 5  66 . 1  
1 . 5  6 7 . 7  
1 . 5  69 . 4  
1 . 5  69 . 8  
1 . 5 68 . 8  
2 . 0  70 . 3  
1 . 5  66 . 3  
2 . 0  69 . 2  
2 . 0  72 . 7 
1 . 5  6 9 . 4 
1 . 0  68 . 0  



















Tahle 2 3 .  Means of  plant characters for third field cutting of selected genotypes and checks i n  19 7 3 .  
cm . Kg/Ha cm .  Kg/Ha/cm % 
Geno tne: Height Yield Water Used WUE Vigor Leaf . Coars e .  Dis . rvmm 
lA-10-5 4 3  1 71 7  16 . 64 103 2 . 0  2 . 0  3 . 5  1 . 0  70 . 4  
lA-20-42 60 1966 .14 . 70 134 2 . 0  2 . 5  3 . 0  1 . 0  7 1 . 5  
lA- 34-40 56 2981 14 . 36 208 L O  1 . 0  4 . 0  1 . 0  7 0 . 9  
2,\-8-12 53 1694 15 . 08 112 2 . 0  2 . 0  4 . 0  1 . 0  7 1 . 4  
2A-9-22 33 1246 15 . 02 83 J . O  2 . 0 4 . 0  1 . 0  71 . 9 
2.\- 16-21 44 2080 15 . 08 138 2 . 0  2 . 0  3 . 5  1 . 0 72 . 2  
2A-21-28 51 2088 14 . 6 7  1 4 2 1 . 5  2 . 0  3 . 0  1 . 0  71 . 6  
2,\- 32-28 52 2 109 14 . 39 147  2 . 0  2 . 0  J . O  1 . 0  68 . l  
2?. -2-lS 51 1507 14 . 33 105 2 . 0  2 . 0  3 . 5  1 . 0  6 3 . 2  
2B-12-46 42  1659 1 3 . 89 119 2 . 5  2 . 0  3 . 5  1 . 0  72 . 2  
3,\-42-29 45 1 966 1 5. 23 1 2 9  :. . 5  2 . 0  Ii . 0 l . O 69 . 7  
:rn-2 3-13  38  1309 12 . 39 106 4 . 0  2 . 0  3 . 5  1 . 5  71 . 8  
3C-46-41 53 2582 14 . 49 178  1 . 5  1 . 5  3 . 0  1 . 0  7 3 . 0 
3D-15-50 Reed Canary 5 3  2293 15 . 14 151 1 . 0  3 . 0  3 . 0  1 . 0  6 7 . 7  
3D-4 5-15 Orchardgrass . 36 1355 15 . 1 7 89 3 . 0  3 . 0  J . O  1 . 0  69 . 1  
3E-8-23  43  1581 1 3 . 89 114 2 . 5  2 . 0  3 . 5  1 . 0  72 . 0  
JE-12-19 54 2055 14 . 17 145 1 . 5  2 . 0  3 . 5  1 . 0  71 . 1  
3E-14-25 36 2030 14 . 39 141 2 . 0  2 . 0  4 . 0  1 . 0 68 . 0  
JE-15-16 54 224 7 1 3 . 39 168 2 . 0  2 . 0  3 . 0  1 . 0  7 0 . 4  
3£-19-50 45 2464 14 . 89 165 2 . 0  1 . 0  2 . 5  1 . 5  71 . 8  
3E-24-4 7 50 2846 1 7 . 02 167 1 . 0  1 . 5  4 . 0  1 . 5  7 3 . 9 
4A-ll-42 45 1218 14 . 39 85 2 . 5  2 . 0  3 . 0  l . O 7 1 . 0  
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Table 23 (cont inued ) 
cm . Kg/Ha cm . 
f<:.��tyee Height Yield Water Used 
4A-40-23 49 1971 15 . 98 
4B-l-2 so 1449 14 . 20 
4B-2-JO 40 927 15 . 39 
l,C-12-21 55 1656 1 5 . 45 
4C-18-21 55 1282 15 . 61 
4C-28-31 37 838 16 . 05 
4C-37-21 39 902 15 . 2 7 
4F-11-10 48 1784 16 . 26 
4F-30-l 49 2716 14 , 95 
4F-48-27 41 2790 1 3 , 39 
4F-49-28  45 2201 16 . 39 
Saratoga 35 1365 15 . 2 7  
South Dako ta 7 51 1588 1 7 . 89 
Dunnett ' s  . 05 26 1484 4 . 2  
Kg/Ha/ cm 
WUE V�or  Leaf . Coarse . 
123  1 . 0  2 . 0  3 . 0  
102 2 . 5  2 . 5  3 . 0  
60 2 . 0  2 . 5  4 . 0  
107 2 . 0  2 . 0  3 . 5  
82 2 . 0  2 . 5  3 . 5  
52 2 . 5  2 . 0  3 . 0  
5 9  J . O  2 . 0  4 . 0  
106 2 . 0  2 . 0  4 . 0  
182 1 . 0  1 . 5  3 . 5  
208 1 . 0  1 . 5  4 . 0  
134 2 . 0  1 . 5  3 . 5  
89 3 . 0  2 . 5  3 . 0  
89 2 . 0  2 . 0  4 . 0  
108 2 . 2  1 . 6  2 . 1  
% 
Dis . I VDHD 
1 . 0  74 . 5  
1 . 0  70 . 0  
2 . 0  7 0 .  7 
2 . 0 70 . 4  
1 . 0  7 2 .  7 
1 . 0  75 . 6  
1 . 5  7 3 . 7 
1 . 0  71 . 4  
1 . 0  70 . 4  
2 . 5  7 1 . 3  
1 . 5  7 3 . 4  
1 . 5  7 2 . 1  
1 . 0  69 . 3  



















Table 24 . Ht!ans of p lant characters for fourth field cutt ing of selec ted geno types and checks in 1973 .  
cm . Kg/Ha cm. Kg /Ha / cm % Kg/Ha 
_Q�.lYP_e Height Y ield  Water  Used WUE Vigor Leaf . Coarse . Dis . IVDMD TDD�! 
lA- 1 0-5 59 2479  1 7 . 70 141 1 . 5  2 . 5  3 . 0  2 . 0  68 . 1  1685 
lA-20-42 46 2367 19 . 12 123 1 . 5  2 . 0  3 . 0  2 . 5  69 . 1  1629 
lA-34-40 52 2 744 19. 4 3  141 2 . 0  1 . 0  3 . 5  2 . 0  69 . 4  1907 
2A-8-12 61  2636 18 . 68 141 1. 0  2 . 0  3 . 0  1 . 0  69 . 8  1831 
A-9-22 4 3  2260 1 7 . 83 127  3 . 0  1 . 5  3 . 5  1 . 5  69 . 6  1 5 75  
2A-16-21 47  1 345 16 . 30 88 2 . 5  2 . 5  2 . 5  3 . 0  66 . 8  890 
2A-21-28 53  3201 16 . 24 166 1 . 5  2 . 0  3 . 0  2 . 0  6 9 . 5 1 756 
2A-32-28 54 2206 19 . 05 1 16 1 . 0 2 . 0  3 . 5  2 . 0  69 . 5  1 5 31 
2B-2-19 55 1883 19 . 4 9  9 5  1 . 5  1 . 5  3 . 5  2 . 5  70 . 1 1 304 
2!!-12-46 51 2206 18 . 55 119 2 . 5  1 . 0  4 . 0  1 . 5  72 . 0  1577  
3,\-l, 2-29 57  3013 17 . 28 172  1 . 5  1 . 5  4 . 0  2 . 5  68 . 4  2070 
3B- 2 3-13 46 2206 18 .  74 1 1 9  2 . 5  1 . 5  3 . 5  2 . 5  6 9 . 3 153 1  
3c-46-41 52 2636 15 . 67 1 74 1 . 5  1 . 0  3 . 5  2 . 0  69 . 4  1830 
3D-15-50 Reed Canary 50 2475 16 . 68 154 1 . 5  3 . 0 3 . 0  1 . 0  64 . 7  1596 
3�-45-15 Orchardgrass 64 2152 15 . 45 148 1 . 0  1 . 0  3 . 0  1 . 0 69 . 5  1'188 
3£-8-23 55  2905 18 . 55 156 2 . 0  2 . 0  3 . 0  2 . 5  68 . 3  2010 
3£-12-19 61  2636 18 . 86 140 1 . 0  1 . 0  4 . 0  1 . 5  6 9 . 3 1828 
JE- 14-25 54 3120 16 . 89 185 2 . 0  1 . 5  3 . 0  2 . 5  6 7 . 1  2092 
3£-15-16 39 1184 18 . 20  65  3 . 0  1 . 0  3 . 5  2 . 0  72 . 0  851 
3£-19-50 49  2690 19 . 49 1 38 2 . 0  1 . 0  4 . 0  2 . 0  70 . 4  1889 
3£-24-47 46 2206 16 . 64 135 2 . 5  1 . 5  3 . 5  1 . 5  71 . 7  1580 
4A-ll-42 52 2582 19 . 05 135 2 . 0  1 . 0  3 . 5 2 . 5  66 . 5 1 7 1 7  
4A-15-3 54 2529 1 8 . 49 1 3 7  2 . 0  1 . 5  3 . 0  2 . 0  69 . 7  1 763  
°' 
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Table 24 (continued) 
cm. Kg/Ha cm . Kg/Ha/cm 
Genot)'.Ee Height Yield Water Used WUE 
4A··40-23 58 2851 16 . 58 181 
4B-l·-2 50 2152 18 . 74 116  
4B-2-30 42 2367 16 . 90 139 
4C-1 2-21 56 285 1  18 . 33 156 
4C-18-21 
, 
63 2206 16 . 90 135 
4C-28- 31 60 2314 18 . 7 7  123 
4C-37-21 37 2206 18 . 64 118 
4F- ll-10 52  2690 16 . 65 165 
4F- 30-1 44  1937  1 7 . 80 109 
4F-48-27  4 9  2 314 18 . 33 126 
4F-49-28 55 3604 16 . 2 7  228 
Saratoga 58 2 744 19. 72 140 
South Dakota 7 45  2 744 1 7 . 28 162 
Dunnet t ' s  . 05 18 1671 5 .  88 105 
Vigor  Lea f .  Coarse . 
1 . 0  1 . 5  2 . 5  
2 . 5  1 . 0  3 . 5  
2 . 5  1 .  5 3 . 5  
1 . 5  1 . 0 3 . 0  
1 . 0  2 . 5  3 . 0  
1 . 5  1 . 0  3 . 5  
2 . 0  1 . 0  4 . 0  
1 . 0  1 . 5  3 . 0  
2 . 5  1 . 5  3 . 5 
2 . 0  1 . 0  3 . 5  
1 . 0  2 . 0  3 . 0  
1 . 5  2 . 0  3 . 0  
2 , 5  1 . 0 4 . 0  
2 . 6  1 .  7 1 . 5  
% 
Dis . IVDMD 
2 . 5  6 7 . 9  
1 . 5  69 . 4  
2 . 0  67 . 1  
2 . 0  68 . 2  
2 . 0  7 1 .  5 
1 . 0  7 1 . 9  
2 . 0  69 . 3  
3 . 0  68 . 1  
2 . 0  70 . 3  
2 . 5  74 . 2  
2 . 0  70 . 4  
2 . 0  68 . 7  
2 . 5  68 . 2  



















Table 25. Correlation coefficients among plant characters for four cut tings of selected 
genotypes and checks in 19 73. 
Yield IVDMD TDDM Vigor Leaf. Coarse .  Dis . Water used WUE 
Height . 71** -. 2 7 ,'c* • 7l·k* . 42** -. 02 . 15** . 12* -. 45 ,'c* . 7 6 ** 
Yield -. 32** . 9 9** . 31**  -. 03 . 2 2** . 21**  -. 21**  . 94**  
IVDMD -. 2 7** - . 24 ,'r:* . 05 -. 04 -. 14* -. 09 - . 2 5**  
TDDM . 31** - . 03 . 23** . 20** -. 22** . 94**  
Vigor . 27** . 02 . 01 . 06 . 2 3* *  
Leaf. -. 18** . 06 . 22** - . 10 
Coarse. . 05 - . 06 • 2 3�'<* 
Disease . 11* . 16** 
Water used - . 48H 
*Indicates s ignificance at 5% level 
**Indicates s ignificance at  1% level 
0\ 
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Table 26 .  Means of  plant characters fo r s ix  f ield cut tings of selected genotypes and  checks in 1972 , 197 3 .  
cm . Kg/Ha cm . Kg/Ha/cm % Kg/Ha 
g__e_l':£_�.)]�C Height Yield Water  Used 1'  WUE* Vigor Leaf . Coars e .  Dis . IVDHD TDml 
lA-10-5 57 2 834 17 . 1 3 199 2 . 0  2 . 0  2 . 8  1 . 7  70 . 1  1 982 
1 ,\-2()-42 54 2995 16. 'J5 197 1 . 8  1 . 8  2 . 5  2 . 0  7 1 . 0 2 1 2 4 
lA-34-40 60 3636 16. 96 2 39 1 . 5  1 . 5  3 . 3 1 .  7 69 . 5  2518  
2A-8-12 57 2913  16 . 99 198 1 . 9  1 . 9  2 . 9  1 . 8  7 1 . 2  2068 
2A-9-22 51 2 783  1 7  . 2 3 182 2 . 3  1 . 9 2 . 8  1 .  7 71 . 7 2002 
2A-16-21 55 2903 1 7 . 02 186 2 . 0  1 .  9 2 . 6  2 . 3  7 1 . 0  2062 
:u..- 21-28 58 3549 16 . 9 3 2 34 1 .  7 1 . 8  2 . 9  2 . 0  71 . 5  2 5 38 
2A-32-28 54 2658 1 7 . 05 183 2 . 1  1 . 9  2 . 7  1 . 9  69 . 2  1831 
2B-2-19 54 2633  16 , 99 191 1 . 9  1 .  9 3 . 0  1 . 8  71 . 2  1846 
23-12-46 SJ 2 368 16 . 87 156 2 . 8  1 . 8  3 . 0  2 . 0 7 2 . 1  1 747  
3A-42-29 58 3465 1 7 . 09 213  1 . 4  1 . 5  3 . 0  1 . 4  68 . 5  2 35 7  
JB- 2 3-13 52 2 798 16 . 78 186 2 . 4  1 . 8  3 . 1 2 . 4  70 . 7  1958 
3C-46-41 58 3 328 1 7 . 31 219 1 . 8  1 . 4  3 . 3  2 . 0  70 . 9  2 351 
3D-15-50 Reed Canary 48 2926 16 . 9 7  16 7  1 . 9  2 . 2  2 . 2  1 . 0  67 . 5  2022 
3D-4 5-15 Orchardgrass 40 1224 17 . 3 3 67  3 . 0  2 . 1  2 . 8  1 . 0 7 0 . 8  855 
3I:-&-23  58  3411 16 . 8 7 214 2 . 1  2 . 1  2 . 8  2 . 2  70 . 9  2404 
3E-12-19 54 3071 1 7 . 34 200 1 . 8  1 . 7  2 . 8  1 . 8  70 . 9  2167  
3E-14··25 55 3 385 16 . 67 232  1 . 8  1 . 6  2 . 8  1 . 8  68 . 7  2 323  
3C-15-16 50 2666 1 7 . 00 193  2 . 4  1 . 7  2 . 9  1 . 8 72 . 1  1961 
3E- 19-50 56 3467 16 . 89 219 1 .  7 1 . 2  3 . 7 2 . 1  70 . 5  2447  
3E-24-47 59 2824 17.  70  222  1 . 5  1 . 5  2 . 9  1 .  9 7 1 . 4  2 359 
4A-ll-42 57 3042 1 7 . 05 201 2 . 0  1 . 8  2 . 8  2 . 4 69 . 3  2111  
4A-15-3  56  3108 1 7 . 10 203 1 . 9  1 . 8  3 . 0  1 . 9  69 . 4  2146 
� � 
Table 26 (continued ) 
cm . Kg /Ha cm. Kg/Ha/ere 
Genotyee Height Y ield Water  Used* \WE* Vigor 
4A-40-2 3 54 3179 16 .  74 213  1 . 5  
4B-l-2 55 2857 16.  77 200 2 . 4  
4B-2-30 60 3242 16 . 51 227 1 . 8  
4C-12-21 58  3031 16 . 76 212 1 . 6  
4C-18-21 65 2984 17 . 07 182 1. 7 
4C-28-31 57 2846 16 . 74 186 2 . 0  
4C- 37-21 52 2908 16 . 72  193  1 . 8  
4F-ll-10 55 2896 1 7 . 56 193  2 . 0  
4F-30-l 57 3 319 16 . 61 2 2 3  1 .  9 
4F-48-27  56 3557  1 7 . 08 229  1 . 6 
4F-49-28 5 3  3079 16 .  96 209 2 . 0  
Saratoga 56 3066 17 . 2 2 213  1 . 7  
South Dakota 7 49 2 701 1 7 . 2 5 191 2 . 3  
Dunne t t ' s  . OS 7 845 2 . 94 69 . 8  
*Data availab le for four cuttings i n  1973  only 
Leaf . Coarse .  Dis . 
1 . 6  2 . 6  2 . 3 
1 . 8  2 . 8  1 . 9  
1 . 8  2 . 8  2 . 4  
1 . 5  3 . 0  2 . 2  
1 . 9  3 . 0  1 . 8  
1 . 8  2 . 8  1 .  3 
1 .  6 3 . 2  1 .  9 
1 . 8  2 . 9  2 . 4  
1 . 7  2 . 6  1 . 9  
1 . 4  3 . 3  2 . 3  
2 . 1  2 . 4  1 . 8  
1 . 9  2 . 7  1 . 9  
1 . 4 3 . 3 1 . 8  
. 8  . 7 . 8 
% 
IVDMD 
69 . 7  
69 . 8  
68 . 1  
69 . 6  
71 . 4  
7 2 . 2  
7 0 . 6  
70 . 1  
69 . 5  
7 1 . 6  
72 . 7 
71 . 1  
69 . 5  
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Table 2 7 .  Ranges and means of p lant characters  f o r  s ix  field LUttings of  selected genotypes and checks 
in 1972 , 1 9 7 3 ,  
Cu t  1 ,  1972 Cut 2 , 197 ?. Cut 1 ,  1 9 73  
Character Range Mean Range Mean Range Hean 
Height , cm . 47-116 89** 25-40 33* 28-76 65** 
Yie ld , Kg/Ha 13 76- 3665 2603* 1726-3705 2669 4 9- 7506 5 372**  
Water used , cm . No t measured in 1972 Not measured in 1972 12 . 7 0- 16 . 6 5  1 4 . 35 
Wl'E , Kg /Ha /cm Not measured in 19 72 Not measured in 1972  3-493  380** 
Vigor 1 .  0-3 .  0 1 .  9 1 .  0-3 .  5 2 . 0** 1 .  0-5 . o  2 . 0**  
Leaf iness 1 . 0- 2 . 5 1 . 3* 1 .  0-2 . 5  1 . 7  1 .  5-3 . 0 2 . 3  
Coarseness 1. 0-4 . 0 2 . 1  1 .  0-4 . 0 1 .  9** 1 . 5-4 . 0  3 . 0* 
Disease 1. 0- 3 .  5 2 . 1* J. . 0-4 . 0 2 . 4** 1 . 0- 3 . 0  1 . 9  
IVD:•ID ?. 60 .  0-72 . 6 70 . 2** 69 . 0-76 . 3 7 3 . 5** 66 . 0-74 . 4  69 . 3** 
TDD'.·l�/Ha 978-2555 1822* 1201-2797  1967  36-5166 3707** 
Cut 2 ,  1973 Cut 3 ,  197 3 Cut 4 ,  1 9 7 3  
Charac ter Range Mean Range Mean Range Mean 
Height , cm . 30-54 42 3 3-60 47  37-64 5 1 . 9** 
Yield , Kg/ Ha 684-4261 3103** 838-2981 1852** 1184-3604 244 3 
Water used , cm. 18 . 26-24 . 70 20 . 8 7 12 . 39-17 . 89 14 . 94*  15 . 6 7-19 . 72 1 7 . 8 7 
\,t:E , Kg/Hd/ cm 29-210 151** 52-208 126** 65-228 139 
\'igor 1. 0-4 .  0 1 .  7* 1 . 0-4 . 0 2 . 0** 1 . 0- 3 . 0  1 . 8  
Leaf iness 1 . 0-2 . 5  1 . 8  1 .  0-3 .  0 2 . 0* 1 . 0- 3 . 0 1 . 5** 
Coarseness 2 . 0-4 . 0  3 . 2  2 . 5-4 . 0  3 . 5 2 . 5-4 . 0  3 . 4  
Disease 1 . 0-2 . 5  1 . 7  1 .  0-2 .  5 1 . 2  1 . 0- 3 .  0 2 . 0  
!VIND % 65 . 2- 72 . 9  69 . 1** 67 . 7- 75 . 6  7 1 . 3  64 . 7- 7 4 . 2  69 . 4  
TDD� /Ha 487-2795  2137** 632-2113 1431 851-2539 1693 
*Indicates significance at 5% level 
**Indicates s ignif icance at 1% level 
°' 
00 
Table 28 . Correlation coef ficients among means o f  plant charac ters for  6 f ield 
cut t ings of selected geno types and checks in 19 72 , 19 7 3 .  
Yield IVDMD TDDM Vigo r Leaf . Coars e .  Diseas e 
Height • 29 *i< -. 30** . 2 7 ** . 2 4-kk . 2 6 ** . 12* . 05 
Yield - • 281<* • 9 9 1< *  . 35** -. 04 . 01 . 07 
IVDMD - . 19 1d� - .  22*1< . 01 - . 22** • 09 
TDDM . 35** -. 04 • 02 . 08 
Vigor . 28** - . 03 • 01 
Leaf . . 08 . 16 •'•* 
Coarse . - . 25 �'<* 
*Indicates significance at 5% level 
**Indicates significance a t  1% level 
°' 
\0 
Table 29 . Correlation coefficients of yields a�ong greenhouse and field harvests  
of  selected genotypes and checks in  19 7 2 , 19 7 3 .  
G2 G3 G 72-1 72-2 72  7 3-1 7 3-2 7 3-3 7 3-4 
Gl . 45** . 10 . 4 1* . 16 . 28 . 23 . 38* . 03 . 19 . 13  
G2 . 62 i.'* . 91*�'< . 08 - . 02 . 04 . 16 . 12 - . 05 . 09 
G3 • 8810'. . 08 -. 09 . 01 . 18 . 28 - . 01 . 2 7 
. 11 - . 03 . 05 . 2 3 . 22 - . 01 . 21 
7 2-1 . 7 3•t* . 94**  . 34 • 59 ,'ot . 2 3 . 4 3* 
7 2-2  • 911c* . 22 • 41•" . 44* • 34 
72 . 31 . 55** . 35* . 42*  
7 3-1 . 47**  . 09  . 10 
7 3-2 , . 19 . 30 
7 3-3 . 08 
73-4 
*Indicates significance at 5% level 
**Indicates significance at 1% level 








• 7 0* :'e 
. 68** 
• 32  
. 2 2 
-..J 
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Table 30 . Correlation coefficients o f  in vit�_ dry matter digestib ility among 
greenhouse and field harvests of selected genotypes and checks in 
1972 , 19 7 3 .  
G2 G3 G 7 2-1 7 2-2 n 7 3-1 7 3-2 7 3-3 7 3-4 
Gl • 37 -1, - . 15 • 6 Ji'd, . 18 . 01 . 13 . 13 . 06 . 02 - . 02 
G2 . 12 . 73 ;�* . 13 . 16 . 19 - . 04 - . 07 . 1 3  . 06 
G3 • 50*;'. - . 21 . 18 - .. 08 - . 14 - . 10 - . 09 . 06 
G . 05 . 18 . 13 - . 03 - . 07 . 03 - . 01 
72-1 . 35,•, . 87** - . 11 . 2 6 _ 4 7 ,', * . 46*1< 
72-2 . 7 f>** . 01 . 49 ** . 24 . 4 7 �'0'-
7 2  - . 06 . 4 5** . 4 6 'H . 58**  
7 3-1 . 4 7**  - . 01 . 04 
7 3-2  • 42 ,'c • 36 -� 
7 3-3 . 40,•, 
7 3-l+ 
*Indicates significance at  5% level 
**Indicates significance at 1% level 
7 3  
. 0 7 
- . 02 
- . 10 
- . 03 
. 40 1< 
• 45 ,'.* 
• 5 31·* 
. 5 5 ** 
. 84** 





for leafiness and coarseness. 
Correlation coefficients among means of plant characters for the 
six cuttings of 1972 and 1973 are shown in Table 28. Yield was posi­
tively correlated with total digestible dry matter (. 99) , height (.29) , 
and vigor (. 35). Height was positively correlated with total digestible 
dry matter ( . 2 7) ,  vigor ( . 24) , and leafines s  (. 26) . In vitro dry matter 
digestibility was negatively correlated with yield (-. 28) ,  total diges­
tible dry matter (-. 19) , vigor (-. 22), and coarsenes s  (-. 22) . Vigor and 
leafines s  were positively correlated (. 28) , as were leafiness and disease 
(. 16) .  Coarsenes s  was negatively correlated with disease (- . 25). 
Table 29 contains correlation coefficients of yields and mean yields 
of  all greenhouse and field cuttings of selected genotypes in 1972 and 
1973. The greenhouse mean was not significantly correlated with the 1972 
mean (. 05) or the 1973 mean (. 16) . The 1972 mean was s ignificantly cor­
related with the 1973 mean (. 50) , at the 1% level. In general, there was 
a closer association between field cuttings than betweeu greenhouse and 
field cuttings. 
Table 30 contains correlation coef ficients of IVDMD and . mean IVDMD 
of all greenhouse and field cuttings of selected genotypes in 1972 and 
1973. The greenhouse mean was not significantly correlated with the 1972 
mean (. 13) or the 1973 mean (-. 03).  The correlation coefficient of . 53 
between the 1972 mean and the 1973 mean was significant at the 1% level. 
As with yield, field cuttings were more closely correlated than field and 
greenhouse cuttings. 
7 3  
Final select ion of  paren t geno types 
Us ing yield data and seed data  collected from the spaced planting 
of selected genotypes , eight genotypes were selected for use in a diallel 
cros s ing nursery . In add ition , one non-regrowth genotype from ano ther 
nursery was also chosen for use in the d iallel . Clonal p ieces of each 
of the nine geno typ es were dug up and brought into the greenhouse in 
pots . Net carbon d ioxide exchange rates o f  these nine geno types recorded 
at s ix different illuminations in the greenhouse are shown in Table 31 . 
Analysis  of variance for this experiment appears in Table A-12 . It 
indicates no s ignificant d ifferences among genotypes for net carbon 
dioxide exchange rate . Significant differences among illuminations used 
were found for net carbon d ioxide exchange rate at the 1% level . Gen­
erally , as indicated in Table 31 , higher NCE rates were recorded at the 
higher illuminations . 
On the basis  of yield , water use efficiency , and seed data , five 
genotypes were s elected for use as parent s  of one synthetic  variety of 
smooth bromegrass . Genotypes selected were : lA-34-4 0 ,  3C-46-41 , 3E-14-25 , 
4F-30-l , and 4 B-2- 30 . These five had shown a consistent ability to pro­
duce high yields of forage and seed . Also , water use ef f iciency of each 
of the five genotypes was high in 1973 . Geno types  3E-19-5 0  and 2A-21-28 
were chosen as p arent s for a second synthetic  variety . In addition to 
its  regrowth ability and high water use efficiency , geno typ e 3E-19-50 
produced adequ�te seed yields in 1972  and 19 7 3 .  Genotype 2A- 21-28 had 
a relatively low seed yield �n 1 972 but was the highest  y ielding geno type 
in the gr eenhouse and produced a high forage and seed yield in the field 
in 19 7 3 .  The wate� use efficiency o f  genotyp e 2A-21-28 was also high 
74 
since its yield in the field in 1973 was excellent. 










Net carbon dioxide exchange (NCE) rates in mg . co2dm-
2hr-l at varying 
levels of illumination . 
10 , 800 16 , lQO 
11 . 5  11 . 8 
7 . 5  10 . 8  
10 . 5  10 . 7 
6 . 7 10 . 8  
7 . 5  12 . 5  
6 . 8 14 . 0  
13 . 7 14 . 6  
9 . 3 12 . 3 
Illumination , Lux 
21,5 00 26 , 9 00_ 
11 . S  20 . 3 
13 . 8  13 . 6  
15 . 4  16 . 3 
7 . 7  11 . 1  
16 . 9  1 3 . 5 
11 . 0 15 . 7  
9 . 5 14 . 1  
12 . 6  12 . 8  
32� 300 
22 . 0  
13 . 9  
16 . 4  
25 . 9  
21 . 4  
24 . 4  
14 . 3  
2 3 . 9  
43_, 0 00 
30 . 7  
29 . 4  
30 . 7  
2 7 . 7  
2 3 . 9 
33 . 8 
2 8 . 1  
31 . 5  
158-1 check 7 . 1  10 . 7  17 . 6  11 . 7 17 . 3  26 . 9  
-...J 
U1 






Location Es tablishment and date 
Horticulture Farm Clones Augm: t , 19 71  
Greenhouse Clones Dec . 20-21 , 19 72  
Wildlife Unit Clones June 5-10 , 1972  
Ag. Eng. Farm Seed August 31 , 19 7 2  
Harvesting dates 
June 18-21 , 1971  
July 19 , 19 71  
Sep tember 3- 7 ,  19 71  
June 12-14 , 1 9 7 2  
Augus t 1-7 , 1 9 7 2  
Sep tember 15-16 , 19 7 2  
June 1-4 , 19 7 3  
Augus t 1-3 , 19 7 3  
February 11 , 19 7 2  
Mar ch 31 , 1 9 72  
May 5 ,  1972  
August  4 ,  1972  
September 5 ,  197 2 
May 31 , 19 7 3  
July 3 ,  1973  
August 3 ,  1973  
September 15 , 19 7 3  
June 5 ,  19 7 3  
July 12 , 197 3 





Analysis of variance of yield of each of the six cuttings of the 
34 selected genotypes indicated significant differences were not always 
obtained. Despite this, the combined analysis of variance of these six 
cuttings of 1972 and 1973 indicated that significant yield differences 
did exist. Field cuttings correlated higher among themselves than with 
the greenhouse cuttings indicating the influence of different environ­
ments. Using Saratoga as the check, the seven genotypes selected as 
parents did not differ significantly at the 5% level although all of 
them exceeded Saratoga in mean yield over the six cuttings. This prob­
ably indicates that selection for regrowth was effective in increasing 
total seasonal yield beyond what Murphy and Lowe (26) were able to 
achieve. Since Saratoga is a synthetic variety composed of five geno­
types (27) , we might expect that Saratoga would be more tolerant of en­
vironmental fluctuations than any individual genotype. This indicates 
that a more valid comparison would be made between Saratoga and a syn­
thetic variety having the selected genotypes as parents. Two such tests 
have been initiated, but it has not been possible to obtain first gen­
eration Saratoga seed for a completely satisfactory test. 
Significant- differences among genotypes for NCE rate were shown 
using the original 73 selections. Similar significant differences have 
been obtained among tall fescue (2) and orchardgrass (4) . Significant 
differences in this study, however, were not obtained when eight geno­
types selected for regrowth were compared with a non�selec ted check . In 
addition, as shown in Table 5, low correlations between forage yields 
and net carbon dioxide exchange rates were found. Low correlations 
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between yield and NCE rates have also previously been reported in _a study 
of tall fescue (2). Other factors such as translocat ion of photosyn­
thesized material and morphological development of the plant should also 
be considered in addition to NCE rate (2). Due to the low correlation 
with yield, NCE rate was not used as a selection criterion in this study. 
There are certain unexplained factors in photosynthesis which need to 
be determined before plant breeders can use NCE rate as a criterion of 
selection (5) . 
The seven genotypes selected as parents for the two synthetic vari­
eties all had a mean yield over six cuttings higher than that of Saratoga. 
The lowest yielding of these was 4B-2-30 with a mean of 3, 242 kilograms 
per hectare over the six cuttings. Although genotypes 3E-8-23 , 3A-42-29, 
and 4F-48-27 exceeded 4B-2-30 and some of the other genotypes in mean 
yield, these three were not selected because of low seed set percent in 
1972. Genotype 2A-21-28 was retained despite low seed set in 1972 
because it was the highest-yielding genotype in the greenhouse experiment 
and second highest in the six cutting mean yields of the field experi­
ment . The other six selected genotypes had excellent seed set percentages 
both in 1972 and 1973. Comparative yield data was not obtained for the 
parent genotypes of Saratoga; _they were selected for the ability to re­
cover following cuttings (27) . 
A study of the components of yield indicated that for the first 
greenhouse cutting, total height of all tillers was about three times as 
important as number of tillers in influencing yield. For the second and 
third greenhouse cuttings, height of tallest tiller and number of tillers 
were approximately equal in their effect on yield of forage . Eastin 
. .. ..... ...,. -;, V, --;1·· 
""'!;..., ·-· • ......, • --�·,·���::.� .. ���--�,., ..... ..-.. �..., 
et al (13) found that tiller number was not important in determining 
yield but did find a high association of tiller weight with yield . 
The greenhouse data in Table 3b show a low correlation between 
number of primordia present following the previous harvest and yield 
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or number of tillers produced before the subsequent harvest. Genotypes 
having a high constant primordia production may conceivably produce 
superior regrowth. Teel (42) observed unselected material and noted a 
cyclic production of tillers in smooth bromegrass rather than a uniform 
distribution over the growing season. 
Table 29 shows a low correlation b�tween yields in the greenhouse 
and the field. Table 30 shows that this is true for in vitro digesti­
bility also. Watkins (46) found that the response of smooth bromegrass· 
to different environments varied greatly. Therefore, to obtain maximum 
adaptability, genotypes superior both in the greenhouse and the field 
were selected as components in the synthetics. 
Results from the experiment using the three synthetics indicated 
some progress had been made in selection within the original nursery 
and the greenhouse regrowth experiment. Although parents used in thes� 
synthetics did not prove to be the most productive when data from 1972 
and 1973 became available, results showed some yield improvement and 
increased water use efficiency over the Saratoga standard. The breeders 
who developed Saratoga tested six experimental synthetics at several 
locations and found that Saratoga (New York Synthetic B )  produced the 
most regrowth (27 ) .  Using the three cutting means of 1973, all three 
synthetics were significantly above Saratoga in yield. Two synthetics, 
the early and day neutral, significantly exceeded Saratoga in water use 
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efficiency, and th e third, the late synthetic, was just below the _sig­
nificance level. Other research with smooth bromegrass has indicated 
that water use efficiency increases as yield increases since water use 
is about the same whether regrowth is great or small (16). Since syn-1 
or breeder seed of Saratoga was not available, it was necessary to use 
syn-2 or foundation seed as a comparison with syn-1 seed of the three 
experimental synthetics. A portion of the vigor of the synthetics may 
have been due to heterosis, some of which could be diluted as regression 
to the mean occurred in succeeding generations. Yield and water use 
efficiency comparisons of Saratoga and experimental synthetics in the 
same generation must precede release of any new variety. 
Data collected between the first and second harvests of the syn­
thetics and check material in 1973 indicate the relationships between 
stubble height and regrowth height . Orchardgrass, lA-34-40, Saratoga, the 
day neutral synthetic, and the early synthetic had a linear regression 
of regrowth on stubble height. Yield data from the next cutting in 
Table 7 show that all five of these cultivars of smooth bromegrass with 
a linear relationships produced a higher yield on the second cutting than 
South Dakota 7 in which the relationship was curvilinear with a signifi­
cant cubic component. The lat� synthetic showed a curvilinear relation­
ship with a significant quadratic component yet yielded more on this 
cutting than Saratoga in which the relationship was linear . Also, reed 
canarygrass had a relatively high yield despite a curvilinear relation­
ship with a significant quadratic comp onent. These data suggest that 
generally a higher stubble height is desirable in producing regrowth, 
but this is subject to variation both among and within species of grass. 
Smith, Jacques, and Balasko (39) found that a shorter stubble height 
significantly decreased stand persistence compared to a talle r stubble 
height of smooth b romegrass. 
Significant differences among in vitro dry matter digestibilities 
of selected genotypes were shown for the first and second cuttings of 
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197 2 and 1973, but not for the third and fourth cuttings of 1973. This 
indicates that as more harvests are taken during the year, variation in 
IVD}ID decreases. Also, Table 20 shows a correlation coefficient of . 10 
between in vitro digestion percentages of the same genotypes in solid 
stand versus spaced planting. These data indicate the sensitivity of 
in vitro digestibility to different row spacings. The possibility of 
developing synthetic varieties of superior digestibility from selected 
genotypes has been discussed (48) . No significant differences in in vitro 
digestibility could be shown among synthetics of smooth bromegrass de­
rived from genotypes of high and low digestibilities (18) . Since varia­
bility appears to decrease with multiplicity of cuttings, the in vitro 
technique would have less importance under such a regime than it would 
with a grass harvested only once per growing season. In a selection 
program for regrowth, time and other resources might best be utilized 
for other purposes and the in vitro technique reserved for forages with 
fewer harvests per growing season. Low correlations between in vitro 
digestibility of the same genotypes in different years as shown in Table 
30 might appear because a different animal was used as the source of rumen 
fluid each year. Low correlations between cuttings within one year could 
be caused by variation in stage of development at cutting within that 
year . Despite these variations, analysis of variance of the six cuttings 
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of selected genotypes at one time indicated significant differences among 
genotypes for in vitro digestibility in the overall experiment. Despite 
its limitations, the in vitro technique is still considered the best 
method for determining digestibility (32) . Selection for increased 
digestibility remains a possibility, albeit of decreasing importance as 
more cuttings are taken per season. 
Table 11 shows a · correlation of -. 71 between yield and IVDMD for 
three cuttings of experimental synthetics and c hecks in 1973. Other 
studies have shown IVDMD to" be negatively correlated with height of smooth 
bromegrass, but the values obtained were _ not this high (37). Table 9 
indicates that orchardgrass and reed canarygrass had the lowest in vitro 
dry matter digestibility percent values in this experiment. Since there· 
were only nine experimental units in this study and reed canarygrass and 
orchardgrass were both relatively high yielding, this high negative cor­
relation was, in part, produced by these two species. Table 28 may 
more accurately depict the correlation between digestibility and yield. 
This table contains data from six cuttings of selected genotypes and 
checks in two different years compared to the t hree cuttings in one year 
of Table 11. Also, since there were 34 genotypes of smooth bromegrass 
and only one each of orchardgrass and reed canarygrass in this study, the 
correlation of -. 28  between in vitro digestibility and yield was less 
influenced by the latter two species. Similar results are shown in 
Table 25 where the correlation between yield and IVDMD for four cuttings 
of selected genotypes and checks - in 1973 was -. 32 . Tables 25 and 28 were 
derived from the same experiment. There is definitely a negative associ­
ation between yield and in vitro digestibility . This can be expected 
since often coarser , less diges tible geno types produce more  forage than 
fine-stemmed genotypes . The correlat ions appear too low in mo st  in­
stances to prevent production of a var ie ty high in both characters . 
Despite negative correlations between IVDMD and o ther desirable char­
act erist ics , product ion of a varie ty of  smoo th bromegras s  with high 
digestib il i ty and other agronomic traits was deemed pos sible ( 37 ) . 
Table  11 shows a correlation o f  . 55 between disease  sever ity and 
yield for three cuttings of exper imental synthetic s  and controls in 
19 7 3 .  The correlation o f  . 07 in Table 28 i s  perhaps closer t o  the true 
association s ince these data were taken f rom s ix cuttings of selected 
genotypes in two different years . Carlson ( 6 )  found that selection for 
resistance to rust increased the forage yield of  orchardgras s .  Similar 
results were  obtained in a s tudy o f  the e ffec ts of leaf spot on peanut 
forage (11 ) . S ince disease data were obtained by subj ec t ive obs erva­
t ion in this s tudy , var iat ions could have easily occurred . 
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Fol iar d iseases of smooth bromegras s decrease the in vitr o  digesti­
b il ity of the leaves . Studies with o ther forage species have produced 
similar results  ( 6 , 11 ) . The two experiments  conducted indicate an 
approximate  decr ea se of . 12%  in IVDMD for each 1% increase in disease 
level . No data were available indicating the reduction in leaves near 
100% diseased s ince such leaves senesce and are los t  in the field . Such 
high levels of disease do not appear poss ib le with greenhouse inocula­
tions which produce smaller lesions than field inoculations occurr ing 
�a turally . 
Reduc tions in in vitro digestibility due to bromegr as s  mo saic virus 
in this experiment were not shown . The amount of diseased area in this 
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experiment was not determined since lesions are not discrete as with 
the fungal pathogens. Table 18 also indicates no significant differences 
in IVDMD due to strain of BMV used for inoculation. 
Whenever possible, disease reaction should be considered in making 
selections. Diseases were more severe in 1972 thari in 197 3 due to the 
more frequent rains and cool, cloudy conditions during the 1972 growing 
season. In 1973 the disease level in the field was considered insuf­
ficient to merit a study of its effect on digestibility. Depending on 
the type of environment, it appears that fungal pathogens can reduce 
digestibility of smooth bromegrass forage. In addition, there is a re­
duction in dry matter production when photosynthetic tissue is affected 
with disease (6, 11) . Thus, the breeder cannot ignore selection for 
tolerance to disease in forage crops. 
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SUMMARY AND CONCLUSIONS 
It is evident, on the basis of this study, that variability does 
exist within the Saratoga variety of smooth bromegrass from the stand­
point of regrowth capability. This variability was used in making 
selections of genotypes for use as parents in new varieties. Thus, the 
first obj ective of this research was attained. Seed production was also 
considered and three genotypes with high yield capacity were not used 
due to inconsistent seed production. The varieties produced will be 
tested for regrowth, seed production and other agronomic characteristics > 
using standard varieties such as Saratoga and Lincoln as comparisons. If 
the varieties produced are superior in forage and seed production, a 
new variety will be released. Adequate seed production is essential to 
en st:�c dis s e�inati Jn of a forage variety. If further scle cticn �3 uc �-
ess ary, existiug pop ulations could be used, or another cycle of recur­
rent selection could be utilized. 
Despite signifi cant differences in NCE rates among 73 genotypes, 
correlations between yield and NCE rates were low. Net carbon dioxide 
exchange data were not used in making selections. Photosynthetic ef­
ficiency and translocation of photosynthates are important as well as 
net carbon dioxide exchange of a plant. Further research in these areas 
will be necessary before breeders can utilize NCE in their breeding 
programs. 
As mere cut�ings of selected genotyp es were taken within one year, 
significant differences among in vitro digestibility of the genotypes 
could not be shown. Since regrowth c�ttings contain no heads and consist 
mostly of leaves and fine stems, the in vitro digestibility of most 
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genotypes is relatively high. In light of this information and t�e low 
correlation between IVD�ID of selected genotypes in solid stand and 
spaced planting, the in vitro technique has questionable validity in a 
selection and breeding program for regrowth. 
The study of the components of yield in the greenhouse indicated 
that total height of all tillers of a plant is more important in its 
influence on yield than is number of tillers. Height of tallest tiller 
is approximately equal to number of tillers in influencing yield. Root 
weight and number of primordia are less important in influencing yield. 
Sitlce some of these characters were highly correlated, some of these da ta 
are perhaps redundant. Undoubtedly, interactions between these plant 
characters are complex. 
A correlation coefficient of . 94 between yield and water use ef­
ficiency was found in both experiments where WUE was determined . This 
suggests that, if water use efficiency is defined as the amount of forage 
produced per unit of land per amount of water lost from the soil profile, 
yield could be used to accurately predict water use efficiency where re­
sources did not permit measurements of this type . The second objective 
of this project, increased water use efficiency, was achieved although 
it was not possible to compare the experimental synthetics with Saratoga 
smooth brDmegrass in the same generation . Further study of the two syn­
thetics developed will be necessary. 
Fungal pathogens reduce the in vitro digestibility of smooth brome­
grass leaves. Age of leaves is another factor of considerable importance 
in its effect on digestibility. Severe outbreaks of disease during cer­
tain years could adversely affect this aspect of forage quality, and 
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regard to tolerance of genotypes in the nurs ery should be considered in 
such instances . Bromegras s mosaic virus can cause a stunting of infected 
clones but does not appear to affect in vitro digestibility. The virus 
was not a problem in this study, but close observation should be made in 
the nursery to detect its presence and enable removal of infected clones. 
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Table A-1 .  Analysis o f  variance of  1st  greenhouse  cut ting o f  selected genotypes 
and checks in 19 72 . 






G X M 
G X R 
R X  M 
G X R X M 











5 7 6 , 1 :j 9 �'d< 
7 2 , 6 60 
10 , 3 54id< 
1 ,  255 •'0� 
4 , 484 
7 , 404 
6 84 
Mean Squares of  charac ter s measured once 
Source 
Total 
Total Red uction 
Mean 
Rep 1i cat ions 
Genotypes 
Error 




74  1 , 746  
1 118 , 4 7 5  
1 1 , 545** 
72  12 7*  
72  75  
*Indica tes signif icance at 5% level 
**Indicates significance at 1% level 
No . Tillers 
% 
rvmm 
10 , 2 75  




16  7 -l<* 

















Table A-2 .  Comb ined analysis o f  variance of 2nd and 3rd greenhouse cuttings o f  selected 
genotypes and checks in 1972 . 
:1ean Squares 
cm . No . Kg/Ha % Kg/Ha No . gr-�--
Source D. F. Height Tillers Yield IVDMD TDDM Primordia Roo t Wt . 
Total 1459 291 145 
}!easurements 4 4 3 ,  643** 2,  61 8** 
Cuts 1 4 1 . 447  10 , 1 74 1 , 901 106 k 2 1 , 346** 
R�p l i c a tions 1 5 , 51 3  1 , 5 78  5 6 , 590 21 241 39 824 
Geno types 72  881 ** 606** 4 , 383** 1 3* 22** 17** 1 , 1 72** 
C X M 4 3 , 184* 285*''· 
G X 11 288 56** 7** 
G X C 72  203** 69 472 10* 3 14** 
G X C X M 288 37*  5** 
�I X R 4 62 124 
C X R 1 1 , 082 2 9 7  3 , 9 72  . 61 11 110 
M X C X R 4 363 14 
G X R 72  262 185 2 , 050 8 10 6 4 37 
G Y. :1 X R 288 26  5 
G X C X R 72 96 64 585 6 3 6 
G Y. C X M X R 288 24 3 
*Indi c3tes significance at 5% level 
**Indicates significance at 1% level 
\0 
w 
Tab le A-3 . Analysis of  variance of greenhouse net carb on 
dioxide exchange ( CE)  rates of  selec ted geno­
types and checks in 1 9 7 2. 
Source D . F .  Mean Square 
Mean 1 94 , 7 38 
Geno types 7 2  83* *  
Replications 1 7 36 '�* 
Error 72  32 
**Indicates significance at 1% level 
94 
Tab le A-4 .  Analysis of variance of three Individua l  cut tings o f  synthetics  and checks i n  19 7 3 .  
Mean Squares Cut 1 
cm . Kg/Ha cm .  Kg/ lla/cm 
So•i r c e  ____ _ _ __ __ _  n . F . __  ll< · t_rrh t ____ __ Y i c l d_ Wa Lrr Used ___ _ WUE __ _  V l.r._or Lea f . _ Coarne .  
Total 36 
Total Reduct ion 12 14 , 189 74 , 530 , 426  870 
:l<.!an l 168 , 1 00 822 , 92/1 , 8 '.l1 10 , 399 
eplication., 1 19 3 , 326 , 9 70** 4 
Ge:.ot ypes 8 264H 7 , 662 , lil 9** 4 
1:r rur ____ � ___ 24 _ l_O __ __ ___ 25_6 ,97_8 _ ___ ___ 10 _ 
�ean SquJres Cut  2 
cm. Kg/Ila cm. 
Sourc<: D . F .  Height Yield Water Used 
focaT 36 
Tota l Reduction 12 1 3 , 732 31 , 9 30 , 10 7  960 
�lean 1 162 , 2 75 371 , 975 , 511 11 , 4 57 
Replications 3 128* 745 , 096** 15* 
Genotypes 8 266** 1 , 118 , 811.lc* 3 
Error 24 40 118 588 4 
�ean Squares Cu: 3 
cm . Kg/Ha cm. 
Source D . F .  He ight Yield Water Used 
Total 36 
To tal Reduct ion 12 8 , 001 4 , 101 , 669 391, 
}'.ean 1 94 ,454 40, 1 32 , 225  4 , 614 
Replicat ions 3 42 152 , 003 12* 
Genotypes 8 1 79** 1 , 078 , 9 75** 10* 
F_!:,Tor_ 24 43  129 036 4 
*Indicates s ignif icance a t  5% level 
**Indicates significance a t  1% level 
2 7 � , 327  11  11 35 
3 , 025 , 570 117 121 413 
12 , 586 . 10 . 19 . 1 1 
2 9 , 325** 2** ] ** . 5 7 
5 , 169 . 29 . 25 . 24 
Kg/Ha/cm 
WUE Vigor Leaf . Coarse . 
102 , 110 1 3  18 35 
1 , 19 3 , 727  144  205  413  
1 , 452 1 . 6 3 . 6 3 
3 , 4Ll5** l . 88 . 38 
859 . 63 , 40 . 2 3  
Kg/Ha/cm 
\JUE Vigor Leaf . Coars e .  
29 , 971  18  14  33 
302 , 8% 191 165 393 
5 , 967* 1 . 25 . 10 
4 , 857** 3** • ,'.j]  . 67 
1,424 . 38 . ..  8 . 3 3 
% 
D b: .  IVl)�ID 
1 3  12 , 504 
140 149 , 898 
. 69 16** 
2** 1 3** 
. 34 3 
% 
Dis . rvmm 
6 11 , 874  
72  142 , 2 92 
. 18 3 
. 50* 2 3** 
. 18 5 
r. 
Dis . IVD�ID 
4 15 , 299 
47 183 , 398 
. 10 4 
. 1 3 21** 
. 12 5 
Kg/Ha 
Tl�ltL __ _ 
30 , 114 , 333  
3 36 , 0 3 6 , 8 7 2  
1 , 060 , 925**  
2 , 695 , 54 3** 
97 , 381 
Kg/Ha 
TDml 
12 , 51 3 , 4 7 3  
146 , 3 77 , 7 35 
34 7 , 283** 
34 2 , 762** 
57 , 706 
Kg/ Ha 
TDml 
1 , 994 , 839 
19 , 848 , 510 
8 1 , 063 
480 , 7 96** 
60 , 864 
\0 
l/1 
Tab le  A-5 .  Co�bincd analysis of variance of three cuttings 0 £  synthetics and checks i n  19 7 3 .  
�!ean Squares 
cm . Kg/Ha cm . Kg/Ha/cm 
��n;e D . F .  Height Yield Wat�r Us�d WUE Vigor Leaf . 
Total 108 
To tal Reduct ion 60 7 , 1 98 22 , 194 , 217  447 82 , 226 9 9 
!iean 1 418 , 2 5 8  933 , 1 31 , 690 2 5 , 565 3 , 81 3 , 442 448 48G 
Repl ications 3 53  340 , 895 . 78 555  1 . 4 0  
Genotypes 8 37 7 •�* 2 , 215 , 969** 3 10 , 857** 3** . 59 
Cuts 2 3 , 285** 125 , 9 50 , 445** 453* ' 354 , 37 6** 2'�* . 7 9** 
R X G 24 33 204 , 44 1  4 2 , 110 . 40 . 37 
R X C 6 68* 1 , 91+1 , 5871<* 15* 9 ,  7 25** . 48 . 33 
G X C 16 166** 3 , 832 , 118** 7 1 3 , 365** 1** . 93** 
Error 48 31 150 081 7 2 , 671  . 45 • 38 
*Indicates significance at 5% level 
**Indicates significance at 1%  level 
Coarse . Dis . 
2 1  5 
1 , 220  246  
. 18 , 31 
• 71** l**  
. 08 6** 
• 31 . 22 
. 33 . 33 
. 4 6* . 52** 
. 25 . 2 1  
7. 
Ivmm 
7 , 938  










8 , 955 , 940  
406 , 038 , 2 3!+ 
48 , 412 , 4:, '.!H 
82 3 , 327** 
9 2 , 9 10 
1 , 34 7 , 387** 
698 , 180** 
7 8 , 044 
b S , lJ 'd 
\0 
0\ 
Tab le A-6 .  Analysis of  var iance of  two individual cut tings o f  selected genotypes and checks in 1972 . 
Nean Squares Cut 1 
cm , Kg/Ha % 
���s.�-- D . F . Height Yield V igor L�<!f • Coarse .  Dis . rvmrn 
1c, tal 7'L 
To t al Reduction 37 15 , 7 ] 8  14 , 32 9 , 2 7 1  8 3 9 9 9 , 602 
Mean 1 566 , 9 35 487 , 87 5 , 085 2 72  l l5 317 325 354 , 945  
Repl icat ions 1 1 18 , 49 1 , 308** 9** . 1 3 . 1 3 2** . 31 
Genoty;ies 35 418** 680 , 4 75* . 4 2 . 30* . 34 . 58** 10** 
Error - � � - 35 ____ U ___ 307,445 __ _ . 2 7 __ _ . 15 ____ . 24 _____ . 20 _________ 3 
:foan Squares Cut  2 
cm . Kg/Ha % 
Sou rce Height Yidd V lgor Lea( . Coarse . Dis . lVDMD 
To tal 72 
Tc t al Reduc tion 37 2 , 206 14 , 8 71 , 787  9 6 7 13  10 , 511 
:fo;;n 1 80 ,467  512 , 96 5 , 788 288 2 1 7  2 53  4 30 388 , 609 
Replications 1 1 22 , 555 , 686** . ?.2 . 01 . 68 . 22 51** 
Genotypes 35 33* 420 , 990 . 89** • 36 . 5 5** 2** 7 *'" 
Error 35 14 3511503 . 37 - �l . 22 • 31 2 
*Indica tes s ignif icance at 5% level 
**Indicates signif icance a t  1%  level 
Kg/Ha 
TDDH 
6 , 99 3 , 8 7 7  
2 39 , 04:2 , 7 5 7  
8 , 850 , 126** 
310 , 8 7 3* 
--� �1_4� 733  
Kr,/H.'.l 
TDmt 
8 , 12 3 , 14 3  
278 , 499 , 66 7  
1 3 , 665 , 12 1**  
2 39 , 75 7  
198 ,04 7  
\.D 
--.J 
Table A-7. Analysis of va riance of 31 genotypes infected with 





L X R 
Genotypes 
G X R 
G X L  












61 . 7  
195 . 9* 
10.4 




Disease percent Method 1# 
Source D. F. Mean Sguare 
Total 124 
Total Reduction 34 3 , 567 . 7  
Mean 1 66, 112. 2 
Genotypes 30 95 6. 3** 
Leaves (Rep) 3 8, 833. 6**  
Error 90 1 7 7 . 0 















*Indicates significance at 5% level 
**Indicates significance at 1% level 
#Using leaves as replications 
Mean Square 
2 , 493. 9 





Tab le  A-8. Analysis of variance of 33 genotypes inf ected with 
Helm inthosoorilllll bromi in the greenhouse  in 1972 . 











G X R 
Tr ea tmen ts ff 
G X T 
R X  T 
G X R X  T 
















* Ind icates  significance at 5% level 
**Indicates significance at 1% level 
s s  
23,066 
14 , 495  
11,877 
2 12 
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Table A- 9. Analysis of variance of in vitro dry matter 
digestibility of one genotype of  smooth brome­
g rass inoculated with two different strains of 
bromegrass mosaic virus and a distilled water 
check. 
Source D . F . Mean Square 
Total 14 
Replications 4 2. 6 
Treatments 2 3 . 1 
Er ror 8 1 . 3 












































Table A-10 .  Analysis of variance of  four individual cut tings of selected genotypes and checks in 197 3 .  
Mean Squares Cut l 
cm. Kg/Ha cm . Kg/Ha/cm 
Source D . F .  Height Yield Water usec; WUE V igor Leaf . Coarse .  Dis . 
local 7' 
Total R;,,duction 37 8 , t.28 92 , 2 70 , 325 405 465 , 2 31 9 9 18 8 
�le,:in 1 305 , 111 3 , 246 , 62 1 , 920 14 , 816 16 , 239 , 519 296 325 654 261 
Rep 1 i.cat ions 1 110* 371 , 23 5  110** 110 , 075** . 89 . 68 1 . 68 
t;cnotypes 35 189** 4 , 771 , 682** '!. . 8  2 4  , 68/1** 1** . 47 . 67* . 5 7 
Error 35 23 7 54 , 237 1 5 , 674  . 32  . 37  . 35  • 34 
Mean Squ�rds Cul 2 
cm. Kg/Ha c� . Kf,/Ho/cm 
Source D .F .  Height Yield Water used WIJE Vigor Leaf . Coa rse .  Dis . 
Total 72 
Total Reduction 37 3 , 541 30 , 4 5 7 , 242 852 7 2 , 202 7 6 20 6 
Mean 1 129 , 032 1 , 083 , 435 , 7 33 31 , 359 2 , 551 , 8 2 7  2 1 7  224 7 35 214 
Replications 1 35 1 , 144 , 585 3 1 , 418 . 35 • 35 . 22 . 22 
Genotypes 35 55 1 , 209 , 64 7*:.'. 4 3 , 378** . 99* . 39 . 5 2  . 44 
Er ror 35 38 315 ,823  5 1 , 183  . 49 • 32 . 31 . 48 
Mean Squares Cut 3 
cm . Kg/li.'.l cm . Kg/Ha/cm 
Source D . F .  Height Y ield Water usec WUE Vigor Leaf . Coarse .  Dis . 
To ta l  u 
Total Reduction 37 4 , 387 11 , 52.'.i , 370 L. J8 5 3 , 594 9 8 24 3 
�lean 1 158 , 391  385 , 989 , 220 16 , 078  1 , 7 74 , 389 288 280 868 100 
Replications 1 406* 233 , 586 46** 2 , 57 7  4** . 89 2* . 1 3 
G1:.notypes 35 101 1. 14 7, 968** 3 5 , 886** . 94** . 43* . 4 0  . 26 
Error 35 62 309 , 458 2 1 , 62 7  . 44 . 2 3 . 40 . 15 
Mean Squares Cut 4 
cm. Kg/Ha cm . Kg/Ha/cm 
Source D . F . Height Yield Water useci WUE Vigor Leaf . Coarse .  D is . 
To ta 
Total Reduction 37 5 , 309 U , 020 , 395 627  39 , 926 7 5 22 8 
Hean 1 193 , 649 429 , 782 , 335 22. , 989 1 , 39 7 , 084 238 168 807 292 
Replications 1 92  638 , 450 97** 18 , 263** . 68 . 06 . 35 . 01 
Gcnotyp.-:s 35 7 7** 409 , 538 3 1 , 769 . 75 , 60** • 31 . 56 
Error 35 29 2 51 , 198  3 987 . 62 . 26 . 20 , 33 
*Indicates uignit icance at 5% level 
**lndicatcs s ignificance at 1% level 
-�,-·-- -Kg / da 
rvmm TDD 11 
9 , 339 2 8 , 067 , 082 
345 , 308 989 , 175 , 894 
6 34 , 6 7 2  
6** 1 , 407 , 7 .56** 
2 261 , 335 
% Kg/Ha 
rvmm TDml 
9 , 288 9 , 20 8 , 550 
343 , 372  3 28 , 790 , 2 72  
5 251 , 104 
8** 333 , 5 70** 




9 , 903 4 , 633 , 599 
366 , 197  14 7 , 4 33 , 068  
10 1 , 386 , 668 
6 646 , 384 
4 383 , 141 
7. Kg/Ha 
lVDMD TDD:{ 
9 , 37 2  5 , 766 , 725  
346 , 500 206 , 42 7 , 494 
27* 194 , 792 
6 192 , 758 





Tab le A-1 1 .  Combined analysis of variance of six cut tings of selected genotypes and checks in 1972 , 1 9 7 3 .  
Mean Sq�ares 
c,n . Kg /Ha i. Kg/Ha 
Source D . F .  }!_e_!;;_r. t Yield V igor Le� f .  Coarse . Dis . IVDMD TDD�! 
Replicat ions 1 147  2 7 , 262 , 240 2 . 12 . 56 1 7 15 , 486 , 928  
Geno types 35 2 1 1. 1'• * 2 , 199 , 281** 2** . 6 7* . 70* l** 17** 1 , 046 , 266** 
R X G 35 26  410 , 458 . 40 . 32 . 30 . 24 4 2 1 7 , 556 
Years 1 3 , 908 184 , 646 , 544 . 59 11.* 90  16 519 7 5 , 990 
R X  Y 1 212 27 , 332 , 628 8 . 01 2 1 24 14 , 200 , 099 
G X Y 35 94 1 , 078 , 742NT . 82** . 51 H . 78 l >�* 8NT 486 , 115 , 636NT 
R X G X Y 3.S 214 0 . 19 . 1 7 2 . 4 3  0 0 
C in Y 4 32 , 7 51** ) 2 7 , 287 , 6 56** 1 6* 3* 8** 155* 58 , 54 3 , 101** 
R X  C in Y 4 28 499 , 608 2 . 49 . 32 . 40 19  251 , 651  
G X C in  Y 140 176** 2 , 30 7 , 848�T • 72** . 32 . 86NT . 48** 4 0 
R Z G X C in Y 140 32 0 . 4 7 . 26 0 . 28 3 0 
�!ean Squares 
cm . Kg/H: /cm 
Source D . F .  water Used// WUEff 
Total 288 
Total Reduction 78  1 , 097 191 , fBi  
�lean l 83 , 2 76 11 , 42 3 , 567  
Genotypes )5 . 52 6 ,  '-J96** 
Cuts 3 649** 1 , 050 , :.60'�* 
Replications 1 61** 29 , 550** 
G X R 35 . 90 1 , 1 75  
C X R 3 65** 20 , .,99** 
C X G 105 4 5 , - 2 3** 
Error 105 3 1 697  
* Indicates s ignif icance at  5% level 
** Indica tes signif icance at 1% level 
# Data available for f our cut tings in 1973 only 
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Tab le A-12 . Analys is of variance of net carbon dioxide 
exchange (NCE) rates of 9 genotypes at 6 
il ltm1ina U_ons .  
Source D . F. Mean Square 
Total 108 
Total Reduction 68 491 
Mean 1 2 7, 690 
Illuminations 5 864** 
Replications 1 10 
Genotypes 8 2 7  
G X R - 8 19 
R X I 5 21 
G X I 40 21 
Error 40 24 
**Indicates s ignif icance at 1% level 
103 
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Table A-13 . Table  o f  abbreviations . 
Abb reviat ions 
BMV 











2 ., 4 -DB 
Bromegrass mosaic virus 
Coar seness 
Dis eas e  
In vitro  dry matter digestib ility 
Leyss 
Leafiness 
Net carbon dioxide exchange 
Persoon 
Schreber 
Total d iges t ib le dry mat ter 
T!: i.nius 
Water use eff iciency 
2 ., 4-Dichlorophenoxy butyric acid 
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